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© CHAPTER I
EXECUTIVE SUMMARY

A.  INTRODUCTION

The definition, evaluation and classification of hazardous materials '
are usually related to in-plant production and use, to transportation and
handling, and to final disposal. Those hazardous materials regulations
pertaining to routine railway transportation and handling can be improved
in two ways. First, the regulations pertaining to multiple risks (e.g;;
chlorine toxicity and corrosiveness) are not well identified by single-
hazard placards. Second, the assessments of hazardous materials: has
generally been made in terms of Toading, unloading, and over-the-road
containers, but not for spill mitigation and handling. There are related
issues of inconsistency in the definition and classification protocols for
hazardous materials. ' A

This report documents an investigation of the regulations perté?ning
to the identification, classification, and recognition of hazardous
materials in rail transportation. The perspectives for the investigation
were an examination of the regulations (Title 49, Parts 171 through 174 of

the Code of Federal Regulations) and a technical analysis of the hazards
of 100 hazardous materials. For the analysis of hazardous materials, the
materials with the highest tank car shipping rates were identified and
their regulatory hazard class determined. Near-duplicate entries were
deleted and several materials substituted, broadening the range of
materials and hazards.

B.  REGULATORY ANALYSIS

The regulations apply to all phases of the transportation of
hazardous materials, including:



Identification and classification of hazardous materials;

identification of containers authorized for the shipment of each

hazardous material; ’

approved loading and unloading procedures;

authorized hazard recognition' marks (markings, labels and

placards) and shipping paper requirements; V

) authorized movement standards, including switching requirements

for rail cars of hazardous materials and the assembly of these

cars into trains. '
Pertinent to this study are the identification and classification of
hazardous materials. Because they communicate the outcomes of the
identification-and-classification process, hazard recognition marks and
shipping papers were also examined. Other aspects are summarized and
reported without extensive analysis. |

Because of the very large quantities of materials involved, bulk

shipment cars of hazardous materials present the Tlargest potential
problems and perils in accidents. Further, examination of the USDOT train
wreck data base reveals that approximateiy 90% of all rail accidents
involving hazardous materials in the time period 1971-1984 involved bulk
shipments of hazardous materials. For these reasons, this study'focused

on those regulations pertaining to 1large containers. The term Tlarge

containers refers to those shipments subject to placarding standards, and
includes tank cars and other receptacles capable of transporting large
quantities of bulk materials by rail such as truck trailers on flat cars
(TOFC) and portable tanks and freight containers on flat cars (COFC).
Additionally, TOFC and COFC service are the most rapidly growing aspects
of rail freight operations, and specia]ized'equipment are being developed
in response to this growth. Analyses reported here carefully trace the
border between large and small containers. 4

For identification and classification of hazardous materials the key
step is the determination of the proper shipping name in the Hazardous



Materials Table (49 CPR 172.101). Considerable care must be exercised to
select the most appropriate proper shipping name for each material. In
the Hazardous Materials Table are:

0 Specific names, such as ETHYL ALCOHOL or DENATURED ALCOHOL,
which are fully descriptive of materials; »

L commodity-class names, such as ALCOHOL, N.0.S., which describe
groups or classes of materials in terms of common physical or
chemical proberties;

®  hazard-class names, such as FLAMMABLE LIQUID, N.0.S., which
describe materials in terms of the hazards presented by the

" materials during transportation. _
Specific names, because of the fullness of their descriptions, are tHe
most preferable and commodity-class names are preferred to hazard-class
names. The regulations do not make these formal distinctions, and this is
regarded in this report as an area where improvement could be-made in’the
regulatory process. Commodity-class and hazard-class shipping names may
be thought of as generic shipping names. _

If a suitable specific or commodity class shipping name cannot be
found in the Hazardous Materials Table, then the material must be
subjected to testing or evaluation to determine whether the material meets
the defining criteria of one of the hazard classes. If the material does,
in fact, satisfy the criteria of one of the hazard classes, that hazard
class determines the proper shipping name. If the material conforms to
the definition of two or more hazard classes, reference is made to the
hierarchical preference table (49CFR 173.2) to determine the hazard
classification for the material, and the associated hazard class shipping
name. However, if one of the hazard classes to be selected from in the
classification process is a poison class, and if another class is
indicated by the hierarchy as the hazard class, there are multi-hazard
generic shipping names to be selected from. Requirements and options,
however, are not c]ear1y prescribed in the regulations.



There is another consideration in selection of a proper shipping name
that is a commodity-class name--the hazard class associated with the name
must be consonant with the properties of the material. For example,
ALCOHOL, N.0.S. may be either a flammable or a combustible T1iquid.
Selection of a proper shipping name and hazard class effectively
prescribes all aspects of the rail shipment of the material.

Examination of the defining criteria for the hazard classes reveals
concerns about the definitions for oxidizers, corrosives and poisons.

Oxidizers are presently defined in terms of materials capable of
participating in oxygen transfer chemical reactions. Modern chemistry
defines oxidizing materials in terms of electron transfer reactions. This
definition 1is very 'broad, encompassing many subclasses of reactions
including the very prominent oxygen-transfer reaction subclass. Another
prominent subclass, galvanic corrosion reactions such as rusting gehera]ly
reacts with much Tess vigor than oxygen-transfer reactions. )

Vigor of reaction is determined by reaction Ve1ocity (materials
consumption rates) and heat production. The most vigorous reactions of
chlorine resembie ordinary combustion processes. A change is recommended
below. .

The increasing shift to lightweight container construction materials
such as aluminum to reduce the tare weights of containers and rail cars
suggests that the materials evaluated by corrosiveness testing should
include aluminum as well as steel. The former is very reactive with
caustics; the latter, acids.

~ The current regqulations defining toxic or poisonous materials appear
to be qualitatively graduated from the most severe hazard (Poison A-lethal
gases) through less severe hazards (Poison B-dangerous or lethal liquids
and solids; Irritants) to least severe (ORM-A-noxious- nuisances). The
graduation of the continuum is uneven and phrased in somewhat inconsistent
terms. Poison B materials, qualitatively described as "hazardous_ to



health," have the only quantitative criteria, and materials meeting these
quantitative criteria can be described as highly lethal. Both Poison A
and Poison B materials are described in terms of toxicity, a word with a
range of meanings including unhealthful, injurious, and lethal. That is,
there are degrees of toxicity ranging from incapacitation to death.
Temporary or permanent incapacitation, seems to have been neglected in the
poison continuum. Recommended changes are outlined below.

The hierarchical preference table, wused to <classify hazardous
materials exhibiting properties of two or more hazard classes, appears to
be more or less determined by historical consideration of cargo and
equipment Tosses. It is not at all clear that this 1is the most
appropriate basis for a classification scheme that should be intended to
prevent accidents and protect the public.

C.  TECHNICAL ANALYSIS

The technical analysis of the hazards of hazardous materials was
conducted using Commodity Sheets developed to support this study, and are
found 1in Appendix B. These Commodity Sheets, one for each of the 100
hazardous materials, contain a summary of chemical and physical properties
as well as summaries of hazard, spill cleanup, and toxicity data obtained
from material safety data sheets (MSDs), various emergency response
guidelines (ERGs), and other sources.

The objective of the technical analysis was to examine the properties
of hazardous materials to determine the range of hazards presented by
hazardous materials, and to develop hazard profiles for each of the 100
hazardous materials. A three-part process was developed to conduct the
analysis. ‘

The first step consisted of developing a hazard spectrum for each of
the 100 hazardous materials by noting those aspects of the Commodity
Sheets, MSDs, and ERGs which jndicated the capability for presenting a



hazard in an accident-mitigation-cleanup situation. There are two parts
to each spectrum: those hazards corresponding to hazard definitions in
the current DOT Regulations, and those obtained from accident mitigation
and cleanup operations guidance.

Part 2 of the analysis consisted of a computer-based examination of
the available train accident data for large containers from the Office of
Hazardous Material Tansportation. The data pertained to reports in which
at least one rail car left the rails. There are no reports involving only
failed or ruptured equipment. Because there was a sharp mismatch between
the 1ist of 100 hazardous materials and those contained in the data base,
analyses are reported by hazard classes rather than specific materials.
The principal outcomes of this analysis, applicable only to cars that
leave the rails, include:

) deaths were found only for flammable and non-flammable gases,
injuries are reported only for flammable gases, 1liquids and
solids, poison‘B materials, and corrosive materials;

[ the "average accident" 1in which rail cars of compressed gas
leaves the track will produce about three injuries per rail car;

¢ flammable gases are involved in explosions for 15 percent of all
accidents; for poison B and flammable solid materials the
explosion rate is about 5 percent while the rate is
approximately 1 percent for corrosve materials, non-flammable
gases, flammable liquids, oxidizing materials, and combustible
liquids;

0 the frequency of accidents involving two or more rail cars of
hazardous materials is less than 5 percent of that for single-

_ car accidents. “
Other findings are discussed in Chapter IV.

The third phase of the technical analysis consisted of the
development of the hazard profi]és from analysis of the data base results
and the hazard spectra followed by consolidation of the various hazard
spectral elements into profile categories. Both the accident experience
and the hazard spectra (and -their supporting Commodity Sheets) indicated

6



that explosion and toxicity hazards were strongly influenced by the
occurence or absence of fire at an accident scene. Accordingly, these two
elements of the hazard profiles have necessarily been dichotomized for
fire.

The elements of a hazard profile are:

e ignition hazard-comparable to flammable and combustible
materials as currently defined in the regulations, as well as
pyrophoric materials;

0 oxidation hazard-more or Tess comparable to the current
regulatory definition of oxidizing materials, with the
recommended change (be]ow); '

0 corrosion hazard-includes those materials rapidly pfoducing a
deleterious or destructive effect on the structural materials
steel and aluminum; this does not correspond exactly té° the
current regulatory definition of corrosive matéria]s;

0 environmental hazard-including those materials identified as k=
producing a harmful or fatal effect on either terrestrial or
aquatic animals; _

0 water hazard-identifies those materials which, when contacted by v

o2
fxi

water, produce undesirable events or dangerous conditions;
0 safety hazard-categorizes those hazards not identified inﬁotheﬁ =
hazard elements, and includes suffocant and cryogenic materials
as well as skin, eye, and respiratory irritants and materials
that degrade the performance of the components of protective
c10th1ng and other items typically found at an accident scene;
@  explosion hazard-dichotomized by fire-including vapor trail
flashback, unconfined vapor cloud explosion,  rapid
polymerization and other violent processes as well as those
materials currently classified as explosives; '
0 toxicity hazard-dichotomized by fire-identifies those materials
capable of producing an incapacitating or Tlethal effect, or
requiring the use of breathing apparatus or other protective
clothing.



The hazard associated with each element of all 100 profiles was evaluated
on a four-point scale: severe, moderate, slight, none. The profiles are
presented in Chapter IV.

‘ The profile hazard categories 1identified above do not formally
correspond to the regulatory hazard classes in all particulars. Table I-1
shows the regulatory hazard classes formally associated with each profile

TABLE I-1. RELATIONSHIP BETWEEN HAZARD CLASSES
AND PROFILE CATEGORIES

PROFILE FORMALLY INCLUDED
CATEGORY ' HAZARD CLASS
Ignition Hazard Flammable Liquids

Combustible Liquids
Flammable Gases
Flammable Solids
Pyrophoric Materials

Oxidation Hazard o Oxidizing Materials;Peroxides
Corrosion Hazard Corrosive Materials
Water Hazard Dangerous-When-Wet

Flammable Solids; ORM-B

Explosion Hazard (No Fire) Explosives, Blasting Agents

Toxicity Hazard (No Fire) _ Poisons; Irritants; ORM-A
Materials

Explosion Hazard (Fire) Flammable Gases

Nonflammable Gases
Flammable Liquids (esp.
polymerizables)

Toxicity Hazard (Fire) Al1



category. Not present in the table are several hazard classes defined in
the DOT Regulations in terms of physical or other properties not directly
related to the formally-recognized hazards such as ORM-C, D and E.
Radioative materials, not present in the list of 100 hazardous materials,
represent the only missing profile hazard; the absence of this category is
a defect of the 1ist of 100 materials.

The most striking outcome of the technical analysis is that, except
for materials identified by hazard c]éss_names, the hazard profiles for
all materials showed multiple hazards. In fact, the presence of two or
more severe hazards is the norm for these materials and one-fifth
exhibited three or more severe hazard ratings. Since the profile
categories of Ignition and Oxidation are mutually exclusive in a chemical
sense, one should not expeét a material to have a rating in all profile

-categories.

D.  RECOMMENDATIONS

There are recommended changes in all three of the areas considered:
hazard identification, ~hazard classification, and hazard recognition.
Hazard identification issues deal with the definitions of hazards and

- hazard classes while hazard <classification, in the current- DOT .

Regulations, pertafns to the assignment of a hazard class to a material

exhibiting properties of two or more hazard classes. " Hazard recognition

regulations deal with the communication of hazard information to
interested parties including railroad employees, carloaders and unloaders,
and accident scene emergency responders.

1. Hazard Identification Changes

Changes are recommended 1in the definitions of three hazard

classes: Oxidizing materials, corrosive matéria]s, and poisons.
a. Oxidizing Materials
Oxidizing materials should be defined in terms of vigorous

electron transfer reaction capability. This corresponds to the modern
chemical definition of oxidizing materials.  The vigor-of-reaction

;;;;;



qualification is required to recognize that some oxidation reactions can
occur that have negligible consequences at an accident scene; rusting is a
readily recognized example.

b. Corrosive Materials

Aluminum is finding increased use in railcar construction
to reduce tare weights and maintenance costs. Because the corrosion
properties of this material are so different from those of steel, the
definition of corrosive materials should reflect this  change in
construction materials. Aluminum should be subjected to corrosion tests
similar to steel. Corrosiveness to tissues is a toxicity property and
should be dealt with as such.

c. Poisons

The definitions of poisons are 1in serious need of major
overhaul to remove inconsistencies. The intent of the recommendations is
to classify as toxic those harmful materials generally likely to produce
harmful, nonlethal effects if released at an accident scene as well as
materials producing Tethal effects. The recommendations also attempt to
recognize that the physical form of. the material (solid, liquid, or gas)
and the route of entry into ’the body (inhalation, ingestion, or skin
contact) are important factors in the overall hazard. assessment.
Quantitative criteria, below, are proposed as the only standards, thereby
eliminating ambiguity in the qualitative definition of toxicity. A toxic
material, it is proposed, would satisfy any one of the fo]]dwing criteria
(for definitions, see Appendix A):

) Inhalation toxicity criterion has two parts
- LCsg Tess than 5000 ppm, and
- for volatile Tiquids, LDgg less than 10 times saturated
vapor pressure
®  Oral toxicity LDgg less than 500 mg/kg
[ Skin toxicity LDgg less than 1000 mg/kg
[ Etiological agents
Consideration might be given to LCgg values for the inhalation toxicity of
dusts and mists, and to differentiation of LD5g values for oral toxicity

10



of liquids and solids. Volatile liquids are those liquids deemed to be
compressed gases (49 CFR 173.300(a)), neglecting :the flammable
requirement. ‘

2. Hazard Classification Changes

An alternative classification table has been developed,
Table I-2, based on prior accident experience and unpredictable events
associated with accident damage mitigation and cleanup activities. The

. formulation of this table utilizes the proposed definitions above,

consolidates the ORM subclasses, and identifies pyrophoric (self-igniting)
materials as the most hazardous of the flammable materials. The extensive
rationale for the alignment of the eight major classes is presented in
Chapter V. .

While more commendable than the current hierarchy (49 CFR
173.2), this alternate scheme suffers the drawback of the present
regulatory hierarchy, namely it has the ultimate effect of identifying
only one hazard for most materials and not presenting complete information
about all other hazards. Technical analysis, Chapter IV, indicates that
many of the most heavily shipped materials present muitiple hazards not
reéognized by the current labeling requirements.

Careful consideration of the need for any “hierarchical
classification scheme reveals that it is only one of several alternative
approaches applicable to the structuring of regulations pertaining to

 hazardous materials transportation. An alternative, avoiding the

hierarchical structure and its shortfalls, 1is the Hazard Designation
System (HDS) in which all hazards are identified. The heart of the HDS is
the ensemble of hazard definitions and the hazard designators, Table I-3.
Hazard designators, physical state descriptors, and supplemental
designators are selected to fully describe the hazardous material. The
designation may be 1in clear text or use the unique symbols. Thus a

corrosive flammable 1iquid that produces toxic combustion products could’

be coded CIL3 for "corrosive ignitable ‘liquid with toxic combustion
products."

The hazard designator system is intended as a replacement for,
and not a supplement to, hierarchical classification. This would entail

11




TABLE I-2. ALTERNATE PREFERENCE TABLE CLASSES AND SUBCLASSES

Radioactive Materials

Explosives

A. Equivalent to current Explosives A

B. Equivalent to current Explosives B

C. Equivalent to current Explosives C

D. Equivalent to current Blasting Agents

Compressed Gases

A. Gases that meet the proposed inhalation toxicity criteria
B. Equivalent to current Flammable Gases

C. Equivalent to current Non-Flammable Gases

Flammable Materials

A. Pyrophoric Materials

B. Equivalent to current Flammable Liquids -

C. Equivalent to current Combustible Liquids

D. Equivalent to current.FlammabTe Solids

Poisonous Materials

A. Liquids meeting any of the proposed toxicity criteria
B. Solids meeting any of the proposed toxicity criteria
C. Etiological Agents -

Oxidizers and Peroxides

Corrosive Materials

Other Reju]ated Materials

A. Dangerous, irritating, and noxious materials as described
B. Hazardous Waste '

C. Materials unfit for transportation unless regulated

12



extensive restructuring of the regulations, a laborious task of writing,
with few new developments--except for hazard recognition issues.

TABLE I-3. HAZARD DESIGNATOR TABLE

Hazard Designator (Symbol) Physical State (Symbol)

. Corrosive (C) Compressed Gas (G)
Explosive (E) Liquid (L)
Ignitable (I) A Solid (S)

Non-Flammable (N) : . » Volatile Liquid (V)

Oxidizing (0)

Pyrophoric (P)

Radioactive (R)

Toxic (T)

| Supplemental Designators

1. Hazardous when Wet
2. Explosive in a Fire
3. Toxic Combustion Produéts

3. Hazard Recognition Changes

There are four requirement areas intended to foster transmission
of hazard information or hazard recognition: marking, Tabeling,
placarding, and shipping papers. '

Labeling regulations are applicable to small containers and, as
such, would be outside the scope of this study dealing with hazardé of
bulk shipments of hazardous materials. However, the Hazardous Materials
Table (49 CFR 172.101) identifies the requirements for affixing labels to
small. containers. Inspection of the Table reveals numerous materials
which must be shipped under multiple labels, and in most cases one of the
two required 1labels 1is a poison 1label. Extension of -the 1labeling
requirements so that they become labeling and placarding standards is the
short term change that would ‘most significantly strengthen the DOT

" Regulations.

13



a. Marking Changes

Marking requirements pertain to the display of the
identification number from the Hazardous Materials Table and, for some
materials, the display ("stenciling") of the commodity name on the side of
the railcar.

The identification numbers are useful only if a multipage
table is avai]ab]e'to actually identify the material. Such numbers are
not unique for each material, and one (1993) identifies 19 materials--many
of them. generically named. Because of this, the utility of such a
strategy is questionable, and the display of a text identifier (stenciling
the nahe) should replace it as a universal requirement.

Identification numbers, if required, should be only on the
rectangular panel format. Use of the placard format to display
identification numbers is undesirable, especially where the placard format
is not uniquely colored. There are several groups of placards with
identical coloration and hazard pictorialization, and covering the hazard-
recognition lettering of these placards with a number requiring specialv
information significantly reduces the quantity of information transmitted.
The identification numbers, if retained, should not appear on the
placards. '

b. Placarding Changes

» In addition to the placarding changes recommended above, it
is recommended that a distinctive placard be developed for pyrophoric
(self-igniting) materials so that they may be readily identified. This is
in recognition of the unique potential danger these materials present at -
an accident scene.

| c. Shipping Paper Changes

To complement the use of multiple placards, the shipping
papers should reflect this practice with multiple placard endorsements and
notations. ,

The shipping papers'shou1d, for waste materials, identify
by name and number those materials in the CERCLA, CAA, and CWA cross-index

14
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“responders.

lists at the end of 49‘CFR 172.101. This will help insure that proper

steps are taken during mitigation and cleanup of an accident to protect

- the environment.

4., Extensions to the DOT Regulations
There are schemes used in Great Britain and continental Europe

for extended marking requirements beyond those used in the u.s. The
British system, in addition to the placard and identification number,
identifies the shipper, a source of emergency jnformation (CHEMTREC in the
U.S.), and suitable actions for first responders. ‘

It is recommended that hazard designations and the CHEMTREC
telephone number be displayed on each large container, and that serious
consideration also be given to inclusion of guidelines for first
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CHAPTER II
SELECTION OF 100 HAZARDOUS MATERIALS

A 1ist of '100 rail-shipped Hazardous materials has been developed for
use in the following ways: o
° To assist in the analysis of current regulations and to
illustrate any shortcomings that may be found from this analysis
¢ To assist in the development, and illustrate the outcomes, of
any recommendations that may be developed to address the
shortcomings.
The 1ist of materials 1is based principally on shipping rate information
contained in "1983 Hazardous Material Carloads by Tank Car Volume,"
obtained from the Association of American Railroads (AAR). To broaden the
range of hazard classes, materials were considered in the 1979 version of
the 1ist, as well as several materials identified in a recent Notice  of
Proposed Rulemaking.l The final 1ist of 100 materials, Table II-1,
contains 94 commodities in 11 hazard classes described in the current
regulations and six generically-named materials frequently used to
identify rail-shipped hazardous materials. This resulting 1ist provides a
broad spectrum of properties that are of concern when dealing with
hazardous materials. The materials are grouped by their hazard c]assesa
the order of the classes is the order of their description 1in the
regulations. ’

Inotice of Proposed Rule Making, 50 FR 5270-5279.
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TABLE II-1. 100 HAZARDOUS RAIL-SHIPPED COMMODITIES

Cars Commodity (STCC Name in parentheses)

Flammable Liquids

3713 Acetaldehyde
2347 Acetone
ND Acrolein; Inhibited
5303 Acrylonitrile
2311 Benzene
745 Butyl Alcohol (2-Butanol) : -
1345 Carbon Bisulfide or Carbon Disulfide ,
925 Chloroprene, Inhibited
2405 Cyclohexane
3677 Denatured Alcohol
ND Epichlorohydrin
875 Ethyl Acetate
1194 Ethyl Acrylate, Inhibited
5513 Ethyl Alcohol
1335 Ethyl Benzene
1166 Ethyl Chloride
5000 Ethylene Oxide
638 Flammable Liquid, N.0.S. (Rosin Solution)

4801 Fuel, Aviation, Turbine Engine
745 Gasoline (Gasoline, Blended)
1461 Gasolineé (Gasoline, Casing Head)

1250 Hexane

1844 Isopropanol

19907 Methyl/Alcohol (Methanol)

2204 Alcohol, N.0.S. (Methanol, Contaminated)
1394 Methyl Ethyl Ketone

. ND Methyl Isocynate

2714 Methyl Methacrylate Monomer, Inhibited
1206* Naphtha

3273 Petroleum Naphtha _
7865 Petroleum 0il, N.0.S. (Petroleum, Partially Refined)
5011 Propylene Oxide

5585 Styrene Monomer, Inhibited

1597 Toluene

3866 Vinyl Acetate

2578 Xylene
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- TABLE 1I-1. 100 HAZARDOUS RAIL-SHIPPED COMMODITIES (CONTINUED)

Combustible Liquids

1384 Alcohol, N.0.S. (Octyl Alcohol, other than perfumery grade)

1548 Combustible Liquid, N.0.S. (Butyl Acrylate)

1114 Combustible Liquid, N.0.S. (Creosote, Coal Tar)

2259 Formaldehyde Solution (Formaldehyde, Liquid)
24878 Fuel 0i1, No. 1,2, 4, or 5

2693* Naphtha

6445 Petroleum D1st111ate (Petroleum Distillate Fuel 0il, not for

illuminating purposes)

‘Flammable Solids
ND Calcium Carbide
3233 Phosphorus, White or Yellow, in water
877 Sodium, Metallic

Oxidixing Materials

ND Ammonium Nitrate Fertilizer, not more than 0.2% carbon
1571 Hydrogen Peroxide Solution, over 52% peroxide

ND Nitric Acid, Fuming

ND Potassium Nitrate

ND Sodium Chlorate

ND Sodium Nitrate

Corrosive Materials

3399 Acetic Acid, Glacial
2022 Acetic Anhydride
782* Corrosive Liquid, N.0.S. (Caustic Soda and Caustic Potassium,
mixed, in solution)
1728 Ferric Chioride Solution, Crude, at least 50% water
5683 Hexamethylene Diamine Solution
11165 Hydrochloric Acid
961 Hydrofluosilicic Acid
2008 Hydrogen Fluoride, Anhydrous
2549 O0leum
23947 Phosphoric Acid (Phosphatic Fertilizer Solution)

2458 Potassium Hydroxide, Liquid or Solution

1268 Sodium Hydrosulfide, Solution
27735 Sodium Hydroxide, Liquid
37158 Sodium Hydroxide, Liquid or Solut1on, at least 48% water

42640 Sulfuric Acid
3233 Sulfuric Acid, Spent
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TABLE 1I-1. 100 HAZARDOUS RAIL-SHIPPED COMMODITIES (CONTINUED)

7412
5520
1006*
31775
10536
5354
3166

1254
26882
2844
1448
18773

37097
6175
37870
2910

ND
866
ND

928
6916
3458
6916
2515

1100
976

790

Flammable Gases

Butadiene

Butene Gas, Liquefied

Ethylene

Liquefied Petroleum Gas

Liquefied Petroleum Gas (Butane)
Liquefied Petroleum Gas (Isobutane)
Liquefied Petroleum Gas {Isobutane, for further
processing) ‘
Liquefied Petroleum Gas (Isobutylene)
Liquefied Petroleum Gas (Propane)
Liquefied Petroleum Gas (Propylene)
Methyl Chloride '

Vinyl Chloride

Non-Flammable Gases

Anhydrous Ammonia

Carbon Dioxide, Liquefied
Chlorine

Sulfur Dioxide

Poison A
Cyanogen Chloride, less than 0.9% water
Hydrocyanic Acid, Liquefied
Phosgene

Poison B
Aniline 0il, Liquid
Carbolic Acid or Phenol
Motor Fuel Antiknock Compound
Phenol :
Toluene Diisocynate

ORM-A

Carbon Tetrachloride
Maleic Anyhydride

ORM-E

Dinitrotoluene

20

refinery



TABLE II-1. 100 HAZARDOUS RAIL-SHIPPED COMMODITIES (CONTINUED)

Generics

1060* Alcohol, NOS (Flammable Liquid)
1411 Alkaline Liquid, NOS

2343 Combustible Liquid, NOS

1653 Corrosive Liquid, NOS

1785 Flammable Liquid, NOS

846%* Poisonous Liquid, NOS

* 1979 Data ND: No Data
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CHAPTER III
FEDERAL REGULATORY ISSUES

Hazardous materials are (49 CFR 171.8) those substances or materials
which have been determined and designated by the Secrétary of
Transportation to be capable of posing an unreasonable risk to health,
safety, and property when transported in commerce.

The rail transportation of hazardous materials is regulated in all
its aspects. .This chapter summarizes the regulations pertaining to the
classification and preparation of shipments of hazardous materials.

Most of the vregulations pertinent to this study are found in
Title 49, Subtitle B, Chapter I, Subchapter C of the Code of Federal
Regulations (49 CFR), hereafter, the DOT Regulations. Other regulations
will be identified in the appropriate places.

A number of terms defined in 49 CFR, and others used in this report,
are given in Appendix A. Terms discussed extensively in this report are
defined below. For other terms a lay definition is adequate for purposeé
of this study. The word "carrier" always means rail carrier.

In this or any evaluation of regulations the abstract standard for
judgement 1is this: do the regulations do .what they should do without
being an inhibitive burden to the regulated activity. Since the
regulations are silent about their purposes and goals it 1is necessary to
assume them as a vantage point from which to judge the regulations.

It is assumed that the purposes and goals of the regulations are

fourfold: ‘

) To provide safety and protection to the general public and to

workers from shipments of hazardous materials

) To provide shippers and receivers reasonable assurance that

hazardous materials shipments will arrive at their destination
in good condition.

) To provide shipping container owners reasonable assurance that

their equipment will not be damaged or destroyed by shipments of
hazardous mateials.
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) To provide emergency response workers, in the event of an
accident, adequate information so they can provide protettion
for the public arising from accidents involving hazardous
materials.

The first and last of these are directly linked to the DOT hazardous
materials classification scheme, the focus of this report. The second and
third (and to some extent the first) goals are associated with the
sé]ection of a proper shipping container, 1loading and unloading
procedures, and consist and handling standards.

The regulatory analysis below will focus on the identification and
classification of hazardous materials. To Jjudge the adequacy of the
regulations in addressing the first and last goals, it is also necessary
to evaluate the hazard recognition issues: marking, 1abe1ing, placarding,
and shipping paper requirements.

A. IDENTIFICATION OF HAZARDOUS MATERIALS

Part 172 1lists and classifies those materials which the U.S.
Department of Transportation (USDOT) has specifically designated as
hazardous materials to be regulated in transportation (49 CFR 172.1). The
classification scheme permits implicit extension of the regulations to
materials not specifically listed (49 CFR 172.101(c){(13)(iii)). 1If it is
determined that a material is not in the 1ist of hazardous materials, and
if the material does not satisfy the definition of one or more of the
hazardous materials classes, then that material is not subject to the DOT
Regulations (49 CFR 172.101(c)(13)(iv)).

Part 172.101 provides an extensive tabular 1list of identified
‘hazardous materials in the Hazardous Materials Table, hereafter referred
to as the Table. In addition there are several other 1ists. The CERCLA
A(Comprehensive ‘Environmental Response, Compensation, and Liability Act)
Tist identifies specific chemical wastes as well as chemicals Tisted by
the U.S. Environmental Protection Agency (USEPA) under the Clean Water Act
and the Clean Air Act. Some materials in these tables also appear in the
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Hazardous Materials Table, and all others that are not forbidden and do
not satisfy one or more 6f the hazard class definitions are not subject to
the DOT Regulations (49 CFR 172.101(c)(13)(iv)).

There is also an Optional Hazardous Materials Table (49 CFR 172.102)
useful for materials in international commerce. The principal use ofithis
table is to interface the DOT Regu]atiohs with those of the International
Maritime Dangerous Goods (IMDG) Code which regd]ates international
maritime commerce involving hazardous materials. The optional table does
not designate materials as hazardous, nor does it specify .packaging
requirements, exceptions or limitations. Materials are "listed in. the
interest of providing consistency with those standards and to alert
persons offering or accepting these materials for transportation that the
materials may be subject to regulation in international transport." While
the general subject of international transport is beyond the scope of this-.
study, several points should be recognized. Materials in intérnationa]

"transport must comply with the DOT Regulations while being transported in

the U.S., including the containers and packaging for these materials.
When foreign materials, containers, and packaging issues may arise, they
will be noted if pertinent to domestic regulatory issues. Otherwise,
foreign commerce will be ignored.

The Table identifying specific hazardous materials consists of eight-:
major columns containing information as follows. Column 1 may contain one.
or more of four symbols used to modify the interpretation of other columns
in the table. The "plus" symbol (+), (49 CFR 172.101(b)(1)) fixes the
proper shipping name (column 2) and the hazard class (column 3) for that
commodity even if it does not satisfy the definition for that hazard
class. The letter "E" in this column (49 CFR 172.101(b)(4)) designates
materials which are subject to the DOT Regulations regardless of the
hazard class or mode of transportation. The default hazard class for
materials not meeting other criteria is ORM-E (discussed below), which
includes hazardous wastes and any material not included 1in any other

hazard class but subject to the regulation. The letter "A" in column 1-
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(49 CFR 172.101(b)(2)) restricts their application to transportation by
~aircraft, while the Tletter "W" restricts their application to
transportation by vessel (water). The combination symbols involving "E"
with "A" or "W" modify the meanings of the latter two in ways not clearly
specified in the Regulations.

‘Column 2 of the Tab1e lists the proper shipping name for materials
subject to the DOT Regulations (49 CFR 172.101(c)). The proper shipping
name must appear on the shipping papers, even though the commodity may be
more clearly specified by other words. It is noted here that there are
numerous generic proper shipping names (e.g., Alcohol, N.0.S. and
Poisonous Liquid, N.0.S.), and that there are numerous authorized or
required modifications to the proper shipping name. Proper shipping
names, and - associated matters, are discussed in detail below in
conjunction with the regulations pertaining to shipping papers. Also in
column 2 may be found a pair of italicized numbers preceded by the letters
"RQ". These numbers specify (49 CFR 172.101(c)(9)), in pounds and
kilograms, the minimum reportable quantity of the material (excluding
water and other formulating materials). The regulations imply but do not
clearly state (49 CFR 174.45, 49 CFR 171.15, 16, 17) that if this amount
(or more) is involved in a spill or discharge (called an "incident"), then
certain actions must be undertaken in addition to cleanup of any spill or
discharge. Such actions, described in detail in the regulations cited,
involve written and immediate -telephonic notification of various Fedefa]
agencies. If waste material is spilled or discharged, USEPA requires (40V
CFR 263.30(c)(1), (2)) compiiance with 49 CFR 171.15 and 49 CFR 171.16.

Column 3 contains (49 CFR 172.101(d)) a designation of the hazard
class corresponding to the proper shipping name or the word "Forbidden".
Forbidden materials may not be offered or accepted for transportation (49
CFR 172;101(d)(1)) unless the materials are (1) diluted, stabilized, or
incorporated into devices and (2) satisfy the definition of one or more of
the definitions of the hazardous materials classes. Materials c1assified
as ORM's in this column, but having a flash point of 1000F to 2000F and in
packaging of 110 gallons or more are reclassed as combustible 1iquids.
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The hazard class assignment determines which reguiations for packaging,
labeling, marking, and placarding shall be applied to the material,
although this does not appear to be explicitly stated. Exemptions for
combustible 1iquids in containers of 110 gallons or less are in 49 CFR
173.118a(b).
~ Column 3(a), the fourth column, lists (49 CFR 17.101(e)) the six-

- character identification number associated with the proper shipping name.
The first two characters are either "UN" or "NA". The former identifies
proper shipping names considered appropriate for international as well as
domestic shipments, while the latter are not recognized for international
shipments except to and from Canada. The last four characters are the
unique commodity number used to satisfy mafking and placarding
requirements discussed below. For some commodities (e.g. explosives such
as BLACK POWDER and HIGH EXPLOSIVE) there is no identification number,-and
these presumably can not be transported to or from Canada. Numbers in the
"NA9000" series are subject to domestic but not Canadian regulations.
Most of the commodities in this numeric series that are not ORM-E hazards
(a hazardous waste and catch-all category) fall into one of the other ORM
(miscellaneous and consumer commodity) hazard classes. The number in this
column is referred to in this report as the DOT ID Number, ‘and may be
referred to as a 4-digit number -or a 6-character number. In the former.
case the last 4 numeric characters are signified while the latter implies
that the prefix "UN" or "NA" is included. Some,commoditie§ do not have
unique identification numbers.

Column 4, the fifth column, specifies the label or labels that must
be applied to each small package, subject to additional requirements in 49
CFR 172.402 and discussed below. ’ . |

Column 5, the sixth column, references the appropriate regulatory
text pertaining to packaging requirements and packaging requirement
exemptions. These regulations will be discussed below.

Column 6, the seventh column, Tists maximum net quantities permitted
in  one package for - passenger-carrying rail cars .and passenger-
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carrying aircraft (column 6(a)) or cargo aircraft (column 6(b)). Column
7, the last column, pertains only to shipments by water.

The Hazardous Materials Table information that will be of interest
here includes:

) the proper shipping names in column 2
e  the hazard classes in column 3
° the identification number in column 3a

. the modifying marks in column 1

. The labeling standards for small containers, column 4, and how they differ
from placarding requirements will also be examined. It will also be
necessary to examine the definitions of hazard classes because they affect
hazard classification and the selection of the proper shipping name from
column 2,

Materials not listed in the Hazardous Materials Table may stf]1 be
hazardous. If they satisfy the criteria of one or more of the definitions
of hazardous materisls, they are subject to these regulations as if they
were listed in the Table. Thus the definitions of hazards constitute an
important element in the identification of hazardous materials.

B. DEFINITIONS OF HAZARDOUS MATERIALS

Each hazardous material in the regulations -is placed in a broad
hazard category and this category is presented in the-regulations in a
subpart separately from all other categories and classes of hazardous
materials. That grouping scheme will be followed here.

1. Explosives and Blasting Agents '

An explosive is (49 CFR 173.50) any chemical compound,
mixture, or device, the purpose of which is to function by explosion,
i.e., with substantially instantaneous release of gas and heat, if not
otherwise specifically classified in the DOT Regulations. A number of
explosives are identified (49 CFR 173.51) as forbidden, and may not be
transported unless diluted, stabilized, or incorporated into devices (49
CFR 172.101(d)(1)). There are three classes of acceptable explosives in
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the DOT Regulations. There are no explosives among the 100 Hazardous
Commodities 1isted in the previous chapter.

a. Class A Explosives ,
Class A explosives are defined in terms of 9 types, and the

essential qualities and examples of these types are shown in Table III-1,
Characteristics of Class A Explosives Types. Physical form, whether the
material undergoes instantaneous burning or explosion, and how the
material behaves in the Bureau of Explosives (BOE) Impact Test Apparatus
are the principal criteria for _typing Class I Explosives. The BOE Impact
Test involves droppiné an 8-pound weight on the subject material or device
from predetermined heights under fixed conditions. Combustion velocities
define the differences between detonation and explosion (49 CFR
173.21(d)); these are consistent with those used by the explosives
industry. =
b. Class B Explosives : ‘

Class B explosives are (49 CFR 173.88(a)), in general,
those explosives which function by rapid combustion (deflagration) rather

than by detonation. Class B exb]psives are regarded as less dangerous
than Class A explosives, and Class B explosives are considered more of a
flammability hazard rather than a detonation hazard, especially when
shipped in bulk. Class B explosives, though less dangerous than Class A
“explosives, represent a serious explosion hazard when present in a train.
Unlike Class A explosives, there are no tests for
identifying Class B explosives which are identified only by categories of
goods: ' ,
° ammunition for cannon (49 CFR 173.88(b))
. rocket ammunition (49 CFR 173.88(c)) |
. special fireworks which are (49 CFR 173.88(d)) manufactured
goods designed to produce audible br visual pyrotechnic effects
by combustion or explosion (not to be confused with common or
Class C fireworks, below) ' '
° jet thrust (JATO) units (49 CFR 173.88(e)) -
° propellant explosives (49 CFR 173.88(f))
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TYPE
NUMBER

1

TABLE III-1. CHARACTERISTICS OF CLASS A EXPLOSIVES TYPES

TYPE
NAME!L

Solid

Solid;
Liquid
Ingredient

Solid; No
Liquid
Ingredient

Solid

Desensitized
Liquid

Liquid

CHARACTERISTICS

Deflagrates in contact with spark or flame (such as safety
fuse or electric squib) but not detonatable by a No. 8
test blasting cap.

When unconfined can be detonated with a No. 8 test blasting
cap; or at least 50% explosion rate in the BOE Impact
Apparatus2 with a drop of 4 inches or more but with an
explosion rate of 50% or less in the same equipment with a
drop of less than 4 inches

Same as Type 2 (above)

Detonated by spark or flame (such as safety fuse or
electric squib) or meets the BOE Impact Test (above)
described for Type 2 (above).

Detonated separately, or when absorbed on absorbent cotton,
by a No. 8 test blasting cap; but not exploded in BOE
Impact Apparatus (above) for a drop of less than 10 inches.

There are also restrictions on desensitizer characteristics.

Explodes in the BOE Impact Apparatus (above) with a drop of
less than 10 inches.

EXAMPLE

Black powder;
low explosives

High explosives;

.~ commercial

dynamite
a liquid
ingredient

TNT; amatol;
pentolite,
picric acid;
tetryl

Initialers;
primers; lead
azide; fulminate
of mercury

Desensitized
nitroglycerine

Nitroglycerine



1€

Notes:

TABLE ITI-1. CHARACTERISTICS OF CLASS A EXPLOSIVES TYPES (CONTINUED)

Initiating Metal or plastic casing containing initiating or priming Various blasting
Device explosives (Type 4, above) either with or without other caps, including
explosives, and activated by any one of several means, some with delay
including an electrical pu]se, a flame, a shock, or connectors;
detonation wave, percussion, pressur1zed gas or high- detonating
intensity light beam. primer devices;
Class A deton-
: ating fuses
Solids or Not included in above types but which may be so designated Military ammuni-
Liquids, and examined by BOE and approved by DOT's Associate tion, grenades,
Mixture or -Director for Hazardous Materials Regulation. mines, bombs,
Device and torpedoes;
JATO and rocket
motors.
Propellant Function by rapid combustion of successive layers controlled Smokeless
Explosives by composition, size, and grain form; solid chemicals or powder, certain
' s011d mixtures; 20% detonation rate when tested in trans- propellants for
portation packaging and by an electric squib. jet thrust
(JATO) units.
(1) The type name is not called out as such in the Regulations, but reflects certain

essential attributes embedded in the description.

Deflagration is rapid (but not

instantaneous) burning, and is substantially slower than detonation or explosion, both
of which are more violent than deflagration because they are essentially instantaneous.
Differences between detonation and explosion are unclear.

(2) The BOE Impact Test involves dropping an 8-pound weight on the tested material or
device from predetermined heights under fixed conditions.



e  explosive power devices (49 CFR 173.88(g))

. jet engine starter cartridges (49 CFR 173.88(h))

. liquid-fueled rocket engines (with fuel) (49 CFR 173.88(i)).
These are condensed specifications of the categories. For example,
"ammunition for cannon" is also found under examples of Class A
explosives. Examination of the full descriptions under the two classes
reveals that the ammunition projectile (warhead) of a Class A munition
contains an explosive while those that are Class B may be empty, inert-
loaded, or solid projectiles.

c. Class C Explosives
Class C explosives are (49 CFR 173.100(a)) certain types of
manufactured articles which contain Class A or Class B explosives, or
both, as components but in restricted quantities, and certain types of
fireworks. Like Class B explosives, this class is defined in'terms of
classes of commodities. There are 31 such categories and most of these
may be further categorized, with examples, as follows:

] small arms ammunition 1nc1ud1ng practice ammun1t1on
0 explosives activators including igniters, squibs, igniter cord,
fuses, detonators, and primers.
° power devices 1including explosive rivets, jet' engine starter
cartridges and explosive cable cutters
. various smoke and signal devices
¢ novelty items including toy caps, toy propellant and smoke
devices, common fireworks, cigarette loads, and trick matches.
The definitions for the three classes of explosives are stated
clearly in terms of tests to be applied, and in terms of decision criteria
based on the testing outcomes. Listings of specific groups of commodities
further strengthen the definitions of the explosives classes.
2. Flammable, Combustible, and Pyrophbric Liquids

The flash point of a material is the principal criterion for
distinguishing members of this class of hazardous materials. The flash
point of a liquid is (49 CFR 173.115(d)(1)) the minimum temperature at
which a 1liquid evolves vapor within a test vessel in sufficient
concentration to form an ignitable mixture with air near the surface of
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the liquid. For a liquid mixture (49 CFR 173.115(d)(2)) or homogeneous
single-phase liquid having a ‘viscosity less than 45 Saybolt Universal
Seconds (ASTM D88-56 method) (49 CFR173.115(d)(1)(i)) the approved testing
procedures are (49 CFR 173.115(d)(1)(i)) the Tag Closed Tester (ASTM D56-
79) or the Setaflash Closed Tester (ASTM D3278-78). For all other liquids
either the Pensky-Martens Closed Tester (ASTM 93-80) or the Setaflash
Closed Tester shall be used (49 CFR 173.115(d)(ii)). On the basis of
experience or other data, DOT may ignore or over-rule hazard
classifications derived from these tests (49 CFR 173.115(g)).

The closed cup flash point values are an attempt to establish a
measure of the hazards presented by 1liquids in closed containers. It is
not a perfect measure because the test procedure subjects an entire liquid
sample to the test procedures while rail tank cars involved in accidents
are not always fully engulfed in flame; accidents frequently involve 2
Tocalized heating of only one part of a tank. Closed cup test results are B
not strictly applicable when 1liquids are discharged from- tanks in an
accident; open cup values are more suitable here. Open and closed cup
test results are included in the Commodity Sheets (Appendix B) to provide
a more reliable measure of discharge hazard. _

There are 39 flammable 1liquids and 8 combustible 1liquids among
the 100 Hazardous Commodities identified in the previous chapter.

a. Flammable Liquids :

A flammable liquid is (49 CFR 173.115(a)) any liquid having
a flash point below 1000F, with the following exceptions:

° any liquid meeting one of the definitions specified in 49 CFR
173.300 (pertaining to compressed gases)
° a mixture with one or more components that: (1) are present to
at Teast 99 volume percent and (2) have a flash point of at
Teast 1000F,
Distilled spirits of 140 proof or lower are considered to have flash
points not lower than 739F (49 CFR 173.115(a)(2)). There are exceptions
and requirements for materials with a flash point of at least 739F when
shipped in packagings of 110 gallons or less and properly marked (49 CFR
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173.118(b)). The 739F (239C) breakpoint appears to be related to
international commercial requirements.
b. Combustible Liquids
A combustible liquid is (49 CFR 173.115(b)) any liquid that
(1) does not meet the definition of any other hazard in the DOT
Regulations, and (2) has a flash point of at least 1000F but less than
2000F, with the following exceptions: '

° any mixture with one or more components that: (1) are present
to at least 99 volume percent, and (2) have a flash point of at
Teast 2000F is not deemed a combustible 1iqu1d‘
) an aqueous solution containing 24 volume percent alcohol or less
~ is deemed to have a flash point not less than 1000F if there are
no other constituents subject to the DOT Regulations
) an aqueous solution containing 24 volume percent alcohol or less
is deemed to not be a combustible 1liquid if (I) the solution
contains at least 50 percent water, and (2) there are no other
constituents subject to the DOT Regulations.
The regulations are not more specific about alcoholic solutions. The
technical term alcohol refers to a broad class of well-characterized
chemicals with widely varying properties. Methanol (methyl alcohol) is
 the simplest member of this class and has a pure-liquid closed-cup flash
point of 540F, and flammable 1limits of 6% to 36%. Examination of tabular
and graphical datal for alcohol-water mixtures temperatures of about 1020F
suggests that aqueous solutions of methanol at lesser compositions than 24
volume percent may'not satisfy the definition of a combustible liquid.
C. Pyrophoric Liquids
A pyrophoric 1liquid is (49 CFR 173.115(c)) any liquid that
ignites spontaneously ih dry or moist air at a temperature of 1300F or

less. On the basis of the generic shipbing name "Pyrophoric Liquid,
N.0.S." these materials do not appear to be a distin;t subclass of
flammable 1iquids; no specific passage to this effect was found in the DOT
Regulations,
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There are several concerns with the definition of
combustible liquids. Because of the greatly increased hazards presented
to accident scene cleanup workers (discussed in Chapter IV), the 2000F cap
on combustible liquids seems unjustifiably low. The spreading of fire to
spilled materials with higﬁer flash points causes additional potential

‘hazards that should be quickly recognized by these workers. The other

concern is with the exemption of alcoholic solutions. Some of these
materials will support combustion and this also should be recognized at an
accident scene. Problems with the use of the unqualified term "alcohol"
have been discussed above. o

3. Flammable Solids, Oxidizers, and Organic Peroxides

.This group is, more or less, a solids counterpart to the liquids
classes above, There are three flammable solids and six oxidizers among
the 100 Hazardous Commodities 1isted in the previous chapter.

a. F1ammab1e Solid '

A flammable solid is (49 CFR 173.150) any solid, other than
one classed as an explosive, which, undef conditions normally incident to

transportation is 1iable to cause fires through friction, retained heat
from manufacturing or processing, or which can be ignited readily and when
ignited burns so vigorously and persistently as to creat a transportation
hazard. Included in this class are spontaneously combustible and water- -
reactive materials.

Note‘that there are two alternative criteria for flammable
solids; solids satisfying either criterion satisfies the definition.

b. Oxidizer

An oxidizer is (49 CFR 173.151) a substance that yields
oxygen readily to stimulate the combustion of organic matter.

The definition of an oxidizer as a supplier of oxygen in a
reaction is a traditional definition the inadequacy of which s
demonstrated by the classification of materials such as chlorine
trifluoride as oxidizers. Chlorine trifluoride and chlorine, for example,
are oxidizers of some -potency, but a lack of oxygen in their composition
means that they are at variance with the definition of oxidizers. A more
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modern definition could be cast in terms of electron transfer reactions or
gross phenomenological terms. Combustion would be a crucial word in such
a definition as this sets oxidizers apart from galvanic corrosive
materials which participate in similar chemical processes, but at much
slower rates.

' ¢. Organic Peroxide

An organic compound containing the bivalent -0-0-structure,
and which may be considered a derivative of hydrogen peroxide where one or
both of the hydrogen atoms have been replaced by organic radicals, must be
classed as an organic peroxide (49 CFR 173.15la(a)}) unless:.

] the material meets the definition of an explosive A or explosive
B (above), in which case it must be classed as an explosive,

( the material is forbidden in the Table or 49 CFR 173.21,

0 it is determined that the predominant hazard of a material
containing an organic peroxide is other than that of an organic
peroxide, |

° material on file with the USDOT Office of Hazardous Materials
Transportation supports a determination that the material does
not present a hazard in transportation.

4. Corrosive Materials _

' A corrosive material is (49 CFR 173.240(a)) a liquid or solid
that causes visible destruction or irreversible alterations in human skin

tissue at the site of contact, or in the case of leakage from its
packaging, a 1iquid that has a severe corrosion rate on steel.

As a practical matter, the skin corrosion criterion is fegarded
(49 CFR 173.240(a)(1)) as equivalent to the outcome of an exposure of 4
hours or less to the intact skin of an albino rabbif. Additional testing
procedure details are found in Appendix A to Part 174. The National
Association of Corrosion Engineers (NACE) standard procedure TM-01-69
producing a corrosion rate greater than 0.250 inches per year in SAE1020
steel at 1309F is regarded as a positive steel corrosion test (49 CFR
173.240(a)(2)).

It is useful to compare these standards with those from the US
Environmental Protection Agency (USEPA). In addition to the steel
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corrosion test above, the USEPA specifies that a material is corrosive if
it is extremely acidic (pH less than 2.0) or is extremely alkaline (pH
greater than 12.5); this is a very rapid, inexpensive test that could
readily supplement the current regulations.

With the increased use of aluminum as a construction material to
reduce freight car tare weight, extension of corrosion testing to this
material is appropriate. The reaction of aluminum with a]kaiine solutions
produces flammable hydrogen gas.

There are 16 materials classified as corrosive among the 100
Hazardous Commodities in the previous chapter.

5. Compressed Gases

There are two subclasses of compressed gases. There are 12
flammable gases and four non-flammable gases in the 1ist of 100 ‘Hazardous
Commodities identified in the previous chapter. A

The classes of compressed gases are as follows.

a. Compressed Gas

A compressed gas- is (49 CFR 173.300(a)) any material or

mixture having, in the container, any of the properties:
) a pressure greater than 40 p.s.i.a. at 700F
° a pressure greatef than 104 p.s.i.a. at 1300F
e any liquid flammable material having a vapor pressure greater-
than 40 p.s.i.a. at 1000F (ASTM Test D-323).
This last criterion in particular complements the definition of a
flammable liquid (c.f. 49 CFR 173.115(a)(i)).
b. Flammable Compressed Gas _
A flammable compressed gas 1is (49 CFR 173.300(b)) a
compressed gas with any of the following properties:

® a 13 volume percent (or less) mixture with air forms a flammable
mixture; or the flammable range of the mixture with air is wider
than 12 percent for any Tlower flammable Timit (49 CFR
173.300(b) (1)) '

37



° when tested in the BOE Flame Projection Apparatus, the flame
projects more than 18 inches beyond the ignition source with the
valve fully open, or the flame flashes back and burns at the
valve with any degree of valve opening (49 CFRH173.300(b)(2))

) when tested in the BOE Open Drum Apparatus there 1is any
significant propagation of flame away from the ignition source
(49 CFR 173.300(b)(3)) |

] when tested in the BOE Closed Drum Apparatus, there is any
explosion of the vapor-air mixture in the drum (49 CFR
173.300(b)(4)) '

The BOE test apparatus and procedures are not described in the DOT
Regulations. Other definitions appropriate to compressed gases follows.
c. Non-Liquefied Compressed Gas
A non-liquefied compressed gas is (49 CFR 173.300(c)) a
gas, other than a gas in solution, which is entirely gaseous at 700F for

the charge pressure.
d. Liquefied Compressed Gas
A liquefied compressed gas is (49 CFR 173.300(d)) a gas
which is partiai]y liquid at 709F for the charge pressure.

e. Compressed Gas in Solution
A compressed gas in solution is (49 CFR 173.300(e)) a non-
liquefied compressed gas (above) which is dissolved in a solvent.
f. Cryogenic Liquid
A cryogenic liquid is (49 CFR i73.300(f)) a refrigerated
liquefied gas having a boiling temperature colder than -1300F at one

atmosphere, absolute.
g. Refrigerant Gas or Dispersant Gas

The terms refrigerant gas and dispersant gas apply (49 CFR
173.300(i)) to all flammable or non-flammable, nonpoisonous refrigerant
gases or dispersant gases (fluorocarbons) identified as such in the Table,
or in parts 172.101, 173.304(a)(2), 173.314(c), 173.315(a)(1), and

38



173.315(h) of 49 CFR, and mixtures thereof, or any other compressed gas
having a vapor pressure not greater than 260 p.s.i.g. that meets one of
the following:
° a non-flammable mixture containing at least 50 .percent
fluorocarbon content
(] a flammable mixture containing at least 50 percent fluorocarbon
and not over 40 percent of a flammable component.

These definitions are clear, simple, and workable. The
materials subject to regulation are identified and dealt with as
individual elements in tables. The flammability of anhydrous ammonia, a
non-flammable gas, presents problems that should be considered further.

6. Poisonous Materials, Etiological Agents, and Radioactive

Materials A

This class of materials is sufficiently diverse that is
convenient to break it into its three components.

a. Poisonous Materials

~ Poisonous materials are divided into three classes: Poison
A materials, Poison B materials, and Irritating Materials. Extremely
dangerous poisons, Class A, are (49 CFR 1?3.326(a)) poisonous gases or
liquids of such nature that a very small amount of the gas, or vépor of
the 1iquid, mixed with air is dangerous to 1ife. )
Class B Poisons are (49 CFR 173.343(a)) those substances,»
1liquid or solid (including pastes and semisolids) other than Class A
Poisons or Irritating Materials (below) which are known to be so toxic to
man as to afford a hazard to health during transportation or which,'in the
absence ofvadequate data on human toxicity, are p}esumed to be toxic to
man because they fall within any one of the following categories when
tested on laboratory animals: | | .

° at least half of a group of at least 10 white laboratory rats,
weighing 200-300 grams, die within 48 hours of a single orally
admihistered dose of no more than 50 milligrams per kilogram of
body weight of the material (49 CFR 173.343(a)(1))
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° at least half of a group of at least. .10 white laboratory rats,
weighing 200-300 grams, die within 48 hours of inhalation
exposure of .not more than one hour to a concentration of not
more than 2 milligrams per 1liter of vapor, mist, or dust
provided such concentration is likely to be encountered by man
when the chemical product is used in any reasonable forseeable
manner (49 CFR 173.343(a)(2))

[ at least half of a group of at least 10 rabbits die within 48
hours of continuous bare-skin contact of 24 hours or less with a
dose of 200 milligrams or less per kilogram of body weight (49
CFR 173.343(a)(3))

These are referred to by toxicologists as LDgg or LCgg criteria for oral,
inhalation, and cutaneous toxicity 'respectively, and are frequently-
reported experimental results. There are other quantitative measures of
toxicity or hazard. ‘

The foregoing test criteria shall not app]y if (49 CFR
 173.343(b)) experience shows that the physical characteristics or the
probable hazards to humans of the substances will not cause serious
sickness or death. Further, neither the outcomes of such testing nor the
disp]ay‘ of danger or warning labels shall prohibit nor prejudice the
exemption of any substance from the provisions of these regulations.

An Irritating Material is (49 CFR 173.381(a)) a liquid or
solid substance whicﬁ, upon contact with fire, or when exposed to air,
gives off dangerous or intensely dirritating fumes, but not including any
Class A Poisonous Material. There are three commoditiés, chemical
ammunition, tear-gas devices, and monochloroacetone, for which containers
are specifically provided for. A number of other 1rritafing materials are
Tisted in the table with other hazard classifications. This definition
should be compared with that for ORM-A (below).

These. definitions apparently attempt to provide a smooth
graduation of toxicity classes that are appropriate "in conditions
- normally incident to transportation"Abut which should also be appropriate
in the event of an accident involving spills of quantities
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ranging from a spoonful to thousands. of gallons or pounds of material.
That the Regulations should provide a graduation.of hazard classes is open
to question. Marking, labeling, and placarding of graduated-class hazards
should not only encourage safe handling of toxic materials but should
identify the severity of the hazard and the extent of the risk. They
should a]éo have the attributes of clarity and utility appropriate to all
standards.

Examination of each definition by itself makes it appear
wholesome and appropriate, but with unresolved questions. Table III-2
summarizes, for the Poison Classes and the closely-related ORM-A hazard
class, the criteria for: physical states regulated; qualitative and
quantitative toxicity criteria; toxic mechanism; and the presence of any
discretionary regulatory passages. With this table a comparative analysis
clarifies the questions and illuminates the ambiguities. 2

’ Comparison of the physical states regulated suggests that

hazard, expressed as the mobility of the toxic entity, is the basis for
regulation, and this does provide a reasonable kind of graduation to the
regulations. The qualitative criteria,von the other hand, are cast in
terms of toxicity standards, as are the Poison B .quantitative
requirements. The absence of quantitative standards for any other class
is a puzzling absence that will be discussed below. Considerations of
toxicity mechanisms in Table III-2 are presumptive and based on the
following considerations. , . |

The regulations require (49 CFR 172.101{(c)(6)) that the
inclusion of the words "poison" and "poisonous" are to be reserved for
systemic poisons and not used in conjunction with corrosive poisons,
' Support for the belief that this mechanistic differentiation underlies the
definitions may be found in 49 CFR 1172.203(k)(3) (i) (shipping paper
entriés) and the prologue of a recent Notice of Proposed Rule Making. The
basis for the use of this distinction apparently stems from -
‘recommendations contained in a 1969 National Academy of Sciences/Nationaj
Research Council (NAS/NRC) Conference Report, portions of which are quoted
in the NPRM3. The role of corrosive poisons is unclear.
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TABLE III-2.

POISON A
Physical Gases,
States Liquids
Qualitative Very small

amount... is
dangerous to
1ife

Criterion

Quantitative N/S
Criterion

Mechanism Systemic

Poison?
Discretionary No

* N/S: No Specification

TABLE ITI-3.

Experimental LDgq-
Dose/kg

Less than 1 mg

1-50 mg

50-500 mg

0.5-5 g

5515 g

More than 15 g

Degree of Toxicity

Dangerously Toxic
Seriously Toxic

Highly Toxic
Moderately Toxic
Slightly Toxic
Extremely Low Toxicity

COMPARISON OF POISONOUS, IRRITATING, AND NOXIQUS MATERIALS*

POISON B IRRITANT ORM-A

Liquids, Fumes N/S

Solids

So toxic On cbntact Anesthetic,

as to with fire irritating,

afford a in air gives noxious,

hazard to off dangerous toxic; can

health or intensely cause
irritating extreme
fumes discomfort

LDgg (ORL) N/S N/S

= 50 mg/kg

LDsg (IHL)

= 2 mg/liter

D50 (skw)

= 200 mg/kg

Systemic N/S N/S

Poison?

Yes No No

HODGE-STERNER ORAL TOXICITY SCALE

Probable Lethal Dose
(150 Pound Man)

A Taste

A Teaspoonful

An Ounce

A Pint

A Quart

More Than A Quart

From “Dangerous Properties of Industrial Materials," N.I. Sax, Editor 6th

Edition
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The presence of only one discretionary criterion in the
four definitions is a bit surprisihg. ,

From this piecewise comparative analysis it is seen that
the regulations seek to define the Poison Classes in terms of both hazard -
and toxicity - with the further restriction that only systemic poisons are
to be considered seriously. In princip]e- the definition of poisons in
terms of both hazard and toxicity is appropriate - if it is properly done.
Consideration of toxic mechanisms as a :critefion and the quantitative
POISON B criteria réquire further attention.

The quantitative criteria in Table III-2 give rise to two

-responses. First, the general use of lethality criteria in conjunction

with a "hazard to health" rather than a "dangerous to life" qualitative
criterion seems to be a gross inconsistency. While it can be abstractly
argued that this is a value judgment, it should be observed that the
quantitative criteria for POISON B are blatant levels of toxicity more
appropriate as quantitative counterparts to the “dangerous to 1life"
qualitative criterion. This assertion might be examined in light of the
Hodge-Steﬁner Toxicity Scale for oral toxicity criteria, Table III-3,
which places two degrees of toxicity more severe than those for Poison B.
The strength of the assertion can be further evaluated by examining.Table

III-4 which identifies the toxicity of some hazardous materials. The -~
-materials are identified by their proper shipping name and are grouped by

the hazard class assigned in the Hazardous Materials Table. Table III-4
and Appendix B contain explanatory information for the entries. A1l
materials 1isted must bear a POISON 7label when shipped in small
containers.

; In constructing Table III-4 every effort was made to select
reported results that matched as closely as possible the -animals and
exposure times called for in the Poison B quantitative criteria, and the
doses have been restated to correspond to the criteria units-of-measure.
Several very significant limitations must be borne in mind when browsing
and making intercomparisons of toxicity data: |
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TABLE III-4. TOXICITY OF SOME HAZARDOUS MATERIALS

TOXICITY TLV
Material DOSE/EXP/SPEC/EFFECT/ROUTE : (ug/1)
Poison A Materials :
Arsine 0.3/15M/RAT/LCLo/IHL 0.16
Cyanogen . 0.74/1H/RAT/LC50/ IHL 21.3
Cyanogen Chloride - 0.78/7 .5M/MUS/LCLo/IHL --
Germane . emmmmaaaa ND=-=--cmauu 0.6
Hydrocyanic Acid 0.53/5M/RAT/LC50/IHL 11
10/ND/RAT/LDLo/ORL
Methyldichloroarsine 0.27/10M/MUS/LCLo/IHL --
Nitrogen Dioxide 0.165/4H/RAT/LC50/ THL 5.6
Nitrogen Tetroxide 1.18/15M/RBT/LC50/ THL
Flammable Gases
Carbon Monoxide 2.1/4H/RAT/LC5C/ IHL 57
Diborane 0.05/4H/RAT/LC50/IHL 0.1
Hydrogen Selenide 280/10M/GPG/LCLo/IHL . 0.16
Hydrogen Sulfide 0.6/ND/RAT/LC50/IHL 13.9
Non-Flammable Gases :
Chlorine 0.85/1H/RAT/LC50/IHL 2.9
Fluorine 0.29/1H/RAT/LC50/IHL ' 1.6
Flammable Liquids
Acrolein 0.018/4H/RAT/LCLo/IHL 0.2
' 46/ND/RAT/LD50/0RL
500mg/24H/RBT/SEV/SKN
Acrylonitrile 650/ND/RAT/LDLo/ORL 4.3
1.1/4H/RAT/LCLo/IHL ‘
0.9/1H/MUS/LCLo/IHL
250/ND/RBT/LD50/ SKN
Al1yl Alcohol ' 64/ND/RAT/LD50/0RL 4.7
0.4/4H/RAT/LC50/THL
53/ND/RBT/LD50/SKN
Al1yl Chloride 64/ND/RAT/LDLo/ORL 3.1
0.9/8H/RAT/LCLo/IHL
2200/ND/RBT/LD50/SKN
n-Butyl Isocyanate 600/ND/RAT/LD50/0RL
300/ND/RAT/LC50/IHL,
Dimethylhydrazine 0.64/4H/RAT/LC50/IHL 1.3
Epichlorohydrin 0.38/68/RAT/LCLo/IHL 2
90/ND/RAT/LD50/0RL
515/ND/RBT/LD50/0RL
Ethylchloroformate 270/ND/RAT/LD50/0RL --
145/ND/RAT/LC50/ THL
7120/ND/RBT/LD50/SKN
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TABLE III-4. TOXICITY OF SOME HAZARDOUS MATERIALS (CONTINUED)

Toxicity

Material DOSE/EXP/SPEC/EFFECT/ROUTE

Flammable Liquids

Ethyleneimine

Hydrazine
Methylchloroformate

Methylchloromethyl
Ether ‘
Methyl hydrazine

Nickel Carbonyl
Pentaborane-9

Oxidizers
Chlorine Trifluoride
Silver Nitrate

0.04/8H/RAT/LCLo/IHL
15/ND/RAT/LD50/0RL
1.8/10M/MUS/LD5/IHL
14/ND/GPG/LD50/SKN
0.75/4H/RAT/LCS0/IHL
0.34/1H/RAT/LC50/IHL
110/ND/RAT/LD50/0RL
7120/ND/RBT/LD50/SKN
0.18/7H/RAT/LC50/TIHL
817/ND/RAT/LD50/0RL
0.14/4H/RAT/LC50/IHL
33/ND/RAT/LD50/0RL
95/ND/RBT/LD50/SKN
0.24/30M/RAT/LC50/ IHL
0.02/4H/RAT/LCS50/IHL

1.5/30M/RAT/LCLo/IHL
22/ND/MUS/LD50/0RL

Flammable Solid

Phosphorus

Corrosive
Hydrogen Fluoride

Poison B
Aniline 0il

Arsenic Acid
Brucine
Carbolic Acid
(Phenot)
Cyanogen Bromide

- 12/ND/RAT/LD50/0RL

Liquid
1/1H/RAT/LC50/IHL

0.95/4H/RAT/LCLo/IHL
250/ND/RAT/LD50/0RL
820/ND/RBT/LDLo/SKN
48/ND/RAT/LD50/0RL
1/ND/RAT/LD50/0RL
414/ND/RAT/LD50/0RL
850/ND/RBT/LD50/SKN
0.5/10M/MUS/LCLo/IHL
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LE ITI-4. TOXICITY OF SOME HAZARDQUS MATERIALS (CONTINUED)‘

TAB
Toxicity TLV
Material DOSE/EXP/SPEC/EFFECT/ROUTE _ (ug/1)
Poison B - Continued
Dinitrobenzene ’
(ortho-)  emeee-- ND--e-mum- 1000
(meta-) ' 83/ND/RAT/LD50/0RL 1000
(para-) - 29/ND/CAT/LD50/0RL v 1000
Ethylenechlorohydrin 0.023/1H/RAT/LCLo/IHL 3.3
Hexaethyltetraphosphate 7/ND/RAT/LD50/0RL ‘ --
15/ND/RAT/LD50/SKN
Methyl Bromide 12/15M/RAT/LCLo/IHL 19.5
Nitroaniline
(ortho-) 1600/ND/RAT/LD50/0RL --
20/ND/RBT/LD50/SKN
(meta-) 535/ND/RAT/LD50/0RL --
(para-) 750/ND/RAT/LD50/0RL 3
Parathion 2/ND/RAT/LD50/0RL 1
_ 40/ND/RBT/LD50/SKN
Strychnine 16/ND/RAT/LD50/0RL : 150
Notes: Material - Shown 1is the proper shipping name. Isomeric

materials are 1listed by isomers where data are available;
commercial materials may be mixture of indefinite, variable
composition or purity.

Toxicity -~ Dose is expressed in milligrams/kilogram (mg/kg) -the
dosage measure used in the DOT Regulations; ppm-values have been
restated as mg/kg using standard tables and formula weights.
Exposures (EXP) are expressed in minutes (M), hours (H), and no
data (ND). Species data reported included rat (oral and
inhalation toxicity) and rabit (RBT; skin toxicity) to further
mirror the test protocols. in these regulations; in their absence
data were sought for mice (MUS), guinea pig (GPG), or cat data -
generally in that order of perference. Effects reported include
LC50, LCLo, and LDLo - all with the -usual meaning and defined in
Appendix B. SEV efforts for skin toxicity include severe
redness or injury-in-depth and severe swelling. Routes of
administration or exposure include oral (ORL); inhalation or
respiration (IHL), and skin (SKN); other routes of exposure
found do not conform to protocols in these regulations. TLV
values are maximum acceptable atmospheric concentrations
specified by the Occupational Health and Safety Administration
(OSHA). Since they are intended for chronic exposure situations
such as production and manufacturing, they are not strictly
comparable to measures of toxicity; the frequently-employed
practice of presenting them with the toxicity data is followed
here for the reader's convenience.
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° There are no rules or procedures for comparing dosage toxicities
‘involving different animals or exposure times; this is left to
the judgment and experience of toxicologists.

] Original reports have not been examined and variation from the
stated criteria (e.g., 48 hour mortality assessment) cannot be
discerned from the sourcés; the toxicity information in Table
ITI-4 corresponds to the criteria requirements.

Examination of Table III-4 reveals that the inhalation
toxicity of diborane (FLAMMABLE GAS) and methyl hydrazine vapors
(FLAMMABLE LIQUID) are more toxic (smaller LCgp-values) than nitrogen
dioxide (POISON A). Similarly, fluorine (NON-FLAMMABLE GAS) and
methy]ch]oroformate vapors (FLAMMABLE LIQUID) have higher dinhalation
toxicities than cyanogen (POISON A), while chlorine (NON-FLAMMABLE GAS),
acrylonitrile vapors (FLAMMABLE LIQUID), and hydrogen fluoride vapors B
(CORROSIVE LIQUID) are only slightly less toxic. Fluorine, chlorine, and
hydrogen fluoride have corrosive toxicity mechanisms; methyl hYdrazine,
methylchloroformate, acrylonitrile, and hydrogen fluoride would be subject
to the provisions of the pending NPRM. It s not clear why diborane 1is
classified as a flammable gas; POISON A seems more appropriate. -

Given the tabulated toxicities for the few materials
compared above, an important outcome is seen - the apparent suppression of:
hazard information. This apparent suppression of hazard information
arises as a consequence of the use of the hierarchical preference table
(49 CFR 173.2) to assign hazard classes to hazardous materials. Multiple-
labeling standards for .small containers are frequently used to overcome
this shortfall in the classification scheme. Multiple-placarding of tank
cars is called for much Tless frequently; toxicity 1s‘u50a11y the second
hazard identified by multiple placarding. Since large (e.g., tank car
sized) spills pose the greatest threat to the general public, it is
unclear how the current regulations best serve the general public.

The characterization of toxic materials as systemic or
corrosive, though useful in a Tlaboratory or clinical environment, seems
inappropriate for regulatory purposes. The goal considered here is the
identification, the classification, and recognition of all hazards in bulk
rai1-éhipped commodities. An elaboration, such as systemic versus
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corrosive poisons, that makes no significant contribution or (worse) makes
a neggtive contribution invites a simple question: why? Examination of
the issue of how, if at all, the systemic versus corrosive toxicity
contribﬁtes to the goal leads to the identification of several underlying
questions:

] who is to be protected by the Regulations?

. from what are they to be protected?

) how are they to be protected?

While the Regulations do not explicity address these questions, they may -

be answered from implicit evidence: people associated with the normal
~operations of rail transportation of hazardous materials are to be
protected from the primary hazard and any toxic propefties if the primary
hazard 1is not a systemic poison. They will be protected by:
(1) regulations that identify the primary hazard and any toxic properties
if the primary hazard is a systemic poison; and, (2) they will be
protected by regulations that require hazardous materials be shipped with
properiy-annotated shipping papers and in marked, labeled, and placarded
containers, ‘

An alternative answer, offered here without support or
justification, is that those to be protected, anyone who might be affected
by the rail transportation of hazardous materials, should, insofar as
reasonably poséjb]e, be protected from all possible hazards. Elaboration
of this goal, and how it might be attained, will be dealt with extensively
in Chapter V. '

Another problem with the Poison Class definitions arises
from the gulf between the very strihgent quantitative criteria for Poison
B (taken as equivalent to "hazard to health") on the one hand and the
"intensely irritating fumes" of ﬁrritating materials on- the other.
Between these lies a range of toxicities in a continuum from mildly-to-
severely incapacitating. Given the quantitative toxicities and the
qualitative "hazard to health" criterion in the Poison B definition, it is
not clear how much the concept of severe incapacitation might be
incorporated into the Poison B Class. The nature and degree of potential
incapacitation from toxic materials is of importance to workers engaged in
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accident damage control, mitigation, and cleanup, as well és people
concerned with the welfare of the environment and with the civilian
population. This extended range of incapacitating toxicities, too severe
to be Irritating Materials and too mild to satisfy the Poison B
quantitative criteria are inconsistent with any smooth graduation of
toxicityvclasses that the USDOT/OHMT might have been trying to achieve.

‘The differentiation of Irritating Materials and ORM-A
materials, wusing the qualitative criteria 1is at 1least adequate for
regulatory purposes. A stronger endorsement is impossible with the poison
class definitions currently in place.

An issue not addressed in the DOT Regulations has to do
with the evolution of noxious or toxic fumes from burning materials at an
accident -scene. Materials containing nitrogen or one of the halogens

(f]uorine, chlorine, bromine, and iodine) can be expected to produce toxic ™

fumes when burned in a train wreck. In a large burning spill the problem
is usually severe enough that accident scene workers require self-
contained breathing apparatus and protective garments. A
Also not addressed in the regulations are toxic materials
that may be released as a consequence of mingling with other hazardous
materials.  For example sodium bisulfide (NaHS), shipped as sodium
hydrosulfide, will release poisonous hydrogen sulfide (FLAMMABLE GAS)
when mixed with aqueous solutions, especially acidic ones.
b. Etiological Agents '
Etiological agents are (49 CFR 173.386(a)(1)) viable

‘microorganisms or their toxins which cause, or may cause, human disease,

and is limited to those agents listed in 42 CFR 72.3 of the regulations of
the Department of Health and Human Services (DHHS). Unless other
materials contained therein are subject to the DOT Regulations, diagnostic
specimens, biological products, and cultures of etiological agents of 50
millimeters or less total quantity are exempt from the DOT Regulations.
Non-exempt etiological materials shall be shipped (49 CFR i73.387(a)) in
packages containing not more than four liters (ca. one gallon) gfoss
volume. The DHHS regulations provide (42 CFR 72.3(d)), and the DOT
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Regulations cross 1ist (49 CFR 173.388(a)) a special etiological materials
 label. There are no etiological agents among the 100 Hazardous Materials.
c. Radioactive Materials

A radioactive material is (49 CFR 173.403(y)) any material

having a specific activity greater than 0.002 microCuries per gram‘

(uCi/g). A radioactive article 1is (49 CFR 173.403(w)). any manufactured
~instrument or article having radioactive material as a component.
Assignment to the radioactive hazard class is straightforward and subject

to only a few exemptions: ‘

° radioactive materials within establishments, except when being
moved about. |

] radioactive materials contained in a medical device that is
implanted in a human being or live animal.

) radiopharmaceutian materials that have been injected into, or
ingested by, and are still in human beings or live animais.

Container se]ection,' packaging, marking, labeling, etc. is much more
complex because they depend on the nuclide being shipped (radioactive

particles emitted), the amount (mass) of material and the radioactivity
1eye1 of the material. Additional Nuclear Regulatory Commission

regulations, pertaining to radioactive materials and found in 10 CFR 71,
must also be complied with by shippers and carriers.

Shippers and carriers must consider a variety of factors in

addition to radioactivity and quantity before packaging, loading, or
transporting radioactive materials.
1) Fissile Materials

A fissile material is any material consisting of or
containing one:- or more of the fissile radionuclides plutonium-238,
plutonium-239, plutonium-241, uranium-233, and uranium-235. " Neither
natural nor depleted uranium are fissle materials. There are special
regulations (49 CFR 173.451 to 173.459) for the packaging and
transportation of fissile materials, and these are applicable to
quantities containing greater than 15 grams {(ca 0.5 ounces) of fissile
-radionuclides. This 15 gram exemption applies to a package or, if
transported in bulk, to the rail car.
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Special form radioactive materials satisfy both the
following criteria: ‘

) it is either a single solid piece or is sealed in a capsule that
can be opened only by breaking the capsule (this presumably
could contain solids, liquids, solutions, or gases.

. the piece or capsule has at least one dimension greater than 5
millimeters (ca 0.2 inches) in length. |

‘Special form radioactive materials must (49 CFR 173.469) not break or

shatter when subjected to the impact, percussion, and bending tests, and
must not melt or disperse when subjected to a heat test. After each test

the specimen must be tested for Tleak tightness or indispersibility.

Normal form radioactive materials are those radioactive materials which
have not been demonstrated to qualify as special form radioactive
materials. There are different packaging requirements (49 CFR 173%416)
for special form and normal form radioactive materials. - '

2) Low Specific Activity Materials
Low spécify activity (LSA) materials are those that
satisfy one of the following: |
° uranium or thorium ores and physical or chemical concentrates of
those ores. _ ’ a
e unirridiated natural or depleted uranium or unirradiated natural
. thorium. . ’
° aqueous tritium oxide solutions of concentration not greater
than 5 millicuries per milliliter. |
) radioactively homogeneous materials for which the estimated
average concentration does not exceed: (1) 0.1 microcurie per
gram of nuclides for which the 1is£ed maximum activity, other
than special form or LSA, (the Az limit permitted'in a type A
container) is not more than 0.05 Eurie; (2) 5 microcuries per
gram of radionuclides for which the A2 limit is greater than
- 0.05 curie but not more than 1 curie; or-(3) 300 microcuries per
gram of radionuclides for which the Ao 1imit is more than 1

curie.
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) objects of non-radicactive material externally contaminated with
radioactive materials that are (1) not readily dispersable, and

(2) below specified values for various Az Timits.
Bulk shipments of certain LSA materials shall be (49
CFR 173.425(c)) only in exclusive use closed rail cars, tank cars, and
cargo tanks, including: (1) wuranium or thorium ores and physical or
chemical concentrates of their ores; (2) uranium metal or natural thorium
metals and their alloys; (3) materials with radioconcentrations not
greater than 1 microcurie per gram and the contribution from materials
with an Ao value (above; 49 CFR 173.435) of less than 0.05 curies shall
not exceed 1 percent of the total activity; and, (4) nonradioactive
externally contaminated objects. Two types of tank cars (49 CFR
173.425(c)(2)(i)) and several cargo tanks (49 CFR 173.425(c)(2)(ii)) are
authorized; TOFC service and air transport (49 CFR 173.425(c)(f)) are not
authorized. Shipments must be loaded by the shipper and unloaded by the

receiver (49 CFR 173.425(c)(4)). Except for shipments of unconcentrated
uranium or thorium ores, the transport vehicle must be placarded (c.f.

Part 172, subpart F; 49 CFR 173.425(c)(5)).
3) Multiple Hazard Radiocactive Materials

There are  special provisions  for radioactive

pyrophoric (49 CFR 173.418) and oxidizing (49 CFR 173.419) materials as

well as empty packaging (49 CFR 173.427). There are packaging and
shielding integrity (free drop, penefration, and compression) tests to
assure radiation containment during transport (49 CFR 173.462 to 173.467).
There are requirements for radiation levels at and near (2 meters) the
surface of the outside packaging (49 CFR 173.441). Heat release from the
radioactive contents shall not degrade the packaging integrity, and there
are surface temperature requirements (49 CFR 173.442).
4) Radioactive Contamination .

Contamination controls (49 CFR 173.443) are cast

either in general terms or in terms of non-fixed (removable)

contamination. The latter is evaluated by wiping 300 square centimeters
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(ca. 48 square inches) of the container and measuring the radiation on the
wiper. If the container is an exclusive-use rail car, the non-fixed
contamination may not be, at any time in the trip, more than tenfold
greater than the allowed maximum non-fixed contamination value at the
beginning of the trip. Emptied rail cars in exclusive-use service shall
not be returned to service until a survey of all accessible surfaces shows
a radiation dose rate is 0.5 millirem per hour or less and there is no
significant non-fixed surface contamination. There are exceptions for
closed cars. in such service (49 CFR 173.443(c)).

The definitions for radioactive article, radioactive
contents, radioactive material, and similar phrases are readily understood
and qpp]ied. While the packaging and shipping regulations are very
complex, they are outside the scope of this report.

There are no radioactive materials among'the 100 hazardous
commodities in the previous chaptef.

7. Other Regu]éted Materials (ORM's)
An Other Regu]ated Material (ORM) is (49 CFR 173.500(a)) a
material that: ‘

» may pose an unreasonable risk to health and safety or property
when transported in commerce, and _
) does not meet any of the definitions of the other hazard classes
in the DOT Regulations, or
° has been reclassed as an ORM according to the DOT Regulations.
There are five classes of ORM's (A-E) described as follows (49 CFR
173.500(b)).
" a. ORM-A Materials
As ORM-A material is a material which has an an aesthetic,

1rr1tat1ng, noxious, toxic, or other similar property and which can cause
extreme annoyance or d1scomfort to passengers and crew in the event of
leakage during transportation. There are two ORM-A materials among the

100 Hazardous Commodities.
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b. ORM-B Materials .
An ORM-B material is a material (including a solid when wet

with water) capable of causing significant damage to a rail car from
leakage during transportation. ORM-B materials meet one or both of the
following criteria:
° a liquid that has a corrosion rate (NACE TM-01-69) greater than
0.250 inches per year on nonclad 7075-T6 aluminum
° specifically designated ORM-B in the Hazardous Materials Table.
There are no ORM-B materials in the 1ist of 100 Hazardous Commodities.
c. ORM-C Materials A
An ORM-C material -is a material which has other inherent

characteristics not described as an ORM-A or ORM-B which make it
unsuitable for shipment unless properly identified and prepared for
transportation. ORM-C materials are specifically identified in the
Hazardous Materials Table. There are none among the 100 Hazardous
Commodities. ’
d. ORM-D Materials
An ORM-D material is a material such as a consumer

commodity which, though otherwise subject to the DOT Regulations, presents
- a limited hazard during transportation due to its form, quantity, and
packaging. It must be a material for which exceptions are provided in the
Hazardous Materials Table (column 5(a)). The 1list of 100 Hazardous
Commodities contains no ORM-D materials. ‘
e. ORM-E Materials
An ORM-E material is a material not included in any other

hazard class, but is subject to the DOT ReguTations. Materials in this
class include hazardous materials as defined (49 CFR 171.8) and hazardous
waste. .

The US Environmental Proteé%ion_ Agency (EPA) regulates
hazardous wastes, including certain aspects of their transportation. The

DOT Regulations are in addition to those EPA regulations. Hazardous

wastes are defined in terms of one or more of the following:
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] they are Tisted in 40 CFR 261.33;
0 they are ignitable;
° they are corrosive;
. they are reactive;
. they have extraction toxicity. A
Ignitability is measured by (40 CFR 261.21(a)(1)) the material's flash
point using the closed cup testers identified above; the flashpoint

-criterion temperature is 1400F. USDOT flammable gases are USEPA ignitable

materials. Corrosiveness for USEPA is (40 CFR 261.22(a)(2)) the same as
for the corrosive hazard class above, but is also defined as (40 CFR
261.22(a)(1)) an extremely acidic (pH less than 2.0) or extremely alkaline
(pH greater than 12.5) solution. Reactive hazardous wastes are (40 CFR
261.23) those wastes exhibiting one or more of the following:
) It is normally wunstable and readily undergoes violent
nondetonative change ‘ .

0 It reacts violently with water

. It forms potentially eXplosive mixtures with water

) It liberates toxic gases when mixed with water

(] It is a cyanideF or sulfide-bearing material, which, when
-exposed to pH conditions between 2.0 and 12.5, liberates toxic
gases in amounts sufficient to be a danger to human health or’
the environment. 4

] It is detonatable or explosively reactive when subjected -to a
strong initiating source or to heat while confined

) It is readily capable of detonation or explosive decomposition

under ambient conditions
o It is a Forbidden Explosive (49 CFR 173.51), a Class A Explosive
(49 CFR 173.53) or a Class B Explosive (49 CFR 173.88).
Extraction Procedure Toxicity is (40 CFR 261.24) a 24-hour extraction
process run dt pH = 5.0; the Teachate (1iquid) is then chemically examined
for the presence of metals. o
While the regulations are structurally very different, thé
hazardous waste criteria have close analogs in the USDOT hazardous

55




materials criteria. Waste materials with properties satisfying the
definition of some other hazard class should be shipped according the
standard of, and classified as, that class rather than the ORM-E class.
There is one ORM-E material among the 100 Hazardous Commodities.

C. CLASSIFICATION OF HAZARDOUS MATERIALS

Commodities that display the attributes of two or more hazard classes
present a significant problem to the classification scheme since the
scheme implicitly assumes that a commodity can have only one class. Part
173.2 resolves this problem by providing a ranked 1ist of hazard classes:

(1) Radioactive material (except limited quantities)
2) Poison A
3) Flammable gas
4)_Non-f1ammab]e gas
5) Flammable liquid
6) Oxidizing material
7) Flammable solid
8) Corrosive material (1iquid)
(9) Poison B

(10) Corrosive material (solid)

(11) Irritating materials

(12) Combustible Tiquids (in containers of at least 110 galions

capacity '

(13) ORM-B materials

(14) ORM-A materials

(15) Combustible liquids (in containers smaller than 110 gallons

capacity) '

(16) ORM-E
Exceptions‘to this 1list include: _

(1) Materials specifically identified in The Table by a "+" in
column 1 (c.f. 49 CFR 172.101(b)(4))

(2) explosives (c.f. 49 CFR 173.86 and 173.114a)

(3) etiological agents (c.f. 49 CFR 173.386)

(4) organic pe}oxides (c.f. the Hazardous Materials Table and 49 CFR
173.151a) . 56 i ‘



0f the several hazards displayed by an unlisted material, the one
associated with the hazard class highest in the ranked 1ist determines the
hazard class of the material if not subject to the exemptions. The hazard
class, 1in turn, determines which containers are authorized, whether
special markings are required on the shipping papers, and what placard is
to be attached to the rail car. )

For materials 1listed in the Table, and for materials that may be
jdentified by prefixing a Table listing with the word “"Waste," the hazard
class 1is assigned from an associated Table 1isting - when the correct
shipping name has been selected. For materials identified by hazard-class
shipping names (based on testing for hazards) the test outcomes and hazard
class definitions govern the shipping name selection and hazard
classification. If such materials display properties meeting the criteria
of two or more hazard classes, the hazard class is first designated from
the preference table, and then a generic shipping name is selected from
the Table. A careful search of the Hazardous Materials Table is required
to find an appropriate generic shipping name reflecting two of the
material's hazards. Except for multi-hazard materials not listed in the
Tab]e, selection of the proper shipping name effectively classifies the
material. For most 1listed materials, the associated hazard class is
harmonious with the preference table. '

The order of hazards 1in the preference table may be, in some
instances, open to possible criticism. On balance it must be recognized
that the most serious hazards, radioactive materials and most toxic
materials fall at the top.of 1ist and the least serious hazards, ORM's,
fall at the bottom. The relative positions of other hazards are
reasonable 1in the absence of the years of experience justifying their
relative positions. Data will be developed in Chapter IV which supports
the order of most of the preference table on the basis of operational
losses. This is not the only basis for developing such a table, however.
While some hierarchical classification scheme might have some initial
appeal as a regu]atdry mechanism, there are some pitfalls that should be
examined. First, any-hierarchica1 system has to assume that hazards can
be graded in severity of hazard. While it is commonly accepted that
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POISON A materials are more threatening than an ORM-A material, other
combinations are more difficult to deal with. These more difficult
comparisons are judgement calls, and the underlying issues are:

(i) The basis for the relative order, and '

(2) the assumption that there must be a hierarchy.
As a practical matter, the-order of hazard severity is accident-scene
dependent for most hazard classes. ’

Note that the hierarchical classification scheme plays a significant
role in the process of container selection in the current -regulations. .

D. RECOGNITION OF HAZARDOUS MATERIALS

That a commodity has been identified and classified as an hazardous
material must be communicated to numerous people associated with the bulk
rail shipment of the material, including those who:

] select shipping containers

0 load and unload hazardous material

) perform pickup point switching operations

0 assemble rail cars into trains

° accompany trains over the road

e  operate classification yards

) perform point-of-delivery switching operations

. perform train inspections at various points in the

transportation process
° control and clean wup accident scenes involving hazardous
materials )
This is a diversified group of people with a broad range of informational
needs. .
Communication of the identification and classification information so
that various people recognize the presented hazards is accomplished by two
broad groups of requirements: on-container identification and shipping
paper notations.
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1. On-Container Hazard Recognition

Hazardous materials must be properly marked, labeled and
placarded prior to shipment. These requirements are summarized here.
a. Marking '

There are two forms of marking: on-container display of
the four-digit indentificatfon number (required for all shipments), and
display of the proper shipping name or authorized common name (required
for designated commodities).

Proper marking of packages, freight containers and rail
cars normally is the duty of the shipper (49 CFR 172.300(a)). It appears,
however, that the carrier may also exercise this duty (49 CFR 172.300(b)),
and this may be very desirable for the marking of rail cars containing
less-than-carload shipments not loaded by the shipper. The carrier is
responsible for replacing lost or destroyed markings and placards (49 CFR
172.338). ’

) There are two approved forms, panels and placards, for
displaying the four-digit identification number from the Table. The panel
form is orange, 6 1/4 ‘inches high by 15 3/4 inches wide, with a 9/16 1inch
black border. The identification number shall be displayed in 4-inch
black Helvetica Medium numerals on the orange field. ' |

The placard form for displaying identification numbers has
the traditional diamond (square-on-point) shape, 10 3/4 inches along each
edge. The four-digit identification number shall be 3 1/2 inch black
Alpine Gothic or Alternate Gothic No. 3 on a 4 inch high by 8 1/2 inch
wide white field across the center of the diamond. The resulting triangle
at the bottom must contain the one-digit United Nations hazard class
number as (49 CFR 172.519) a 1 3/4 inch black character except: (1) when
on a flammable or non-flammable gas placard or a flammable or combustible
placard the character may be white or black; (2) the class number on a

~ CORROSIVE placard must be white; (3) on a COMBUSTIBLE placard with a

white TJower triangle the <class number shall be red or black.
fdentification number placards may be fabricated by fastening the
identification number over a hazard class placard (described below)
provided it substantially obscures the hazard lettering (49 CFR 172.332
(c)(6)). The resulting applique-type placard presumably should visually
meet the placard style identification number standards.
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The required markings may be removed only if (1) the tank
is f111ed with a commodity not subject to the DOT Regu]at1ons or (2) the
hazard is removed by cleaning and purging.

Tank cars carrying certain commodities, designated in 49CFR
173, must be marked (49 CFR 172.330(a), (b)) on both sides with the proper
shipping name or authorized commonfname using letters at least four inches
high on both sides of the car,

, Multi-unit tank car tanks must be marked (49 CFR
172.330(c)) with two-inch lettering on two opposing sides with the proper
shipping name {or authorized common name) and associated identification
number. The transporting rail car must be marked on both sides and both
ends with the identification number. Tanks containing chlorine need not
show the CHLORINE label prescribed here if Part 172.405(b) (authorized
label modifications) is complied with. ,

' There are several issues concerning the use of four-digit
numbers to identify hazardous materials. First, the numbers are not
always unique. One identification number, 1993, identifies more than a
dozen commodities as diverse as liquid wax, refrigerating machines, and
ethyl nitrate. In another instance, air may be identified by either 1002
or 1003. |

Second, there is no large-scale system associated with the
numbers, although’ there is some short-range system, and undoubtedly there
was some structure to the list when first introduced. By contrast, the
seven-digit STCC number 2 used by AAR to identify commodities is highly
systematic and has the additional advantage that the basis for
systemization 1is the nature of the hazards associated with sh1pp1ng the
material., _

Third, the range of numbers used is so large, and the list
of 'associated comodity names so extensive that the number does not
identify the material but rather identifies a 1line in a table that
contains the name(s) of the material(s) identified. That is, the material
can not be identified without the aid of a table unless the individual is
~familiar with the particular identification number. The STCC number
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suffers from the same problem, but knowledge of the systematic numbering
scheme does permit identification of associated hazards.
b. Labeling

Where required in. the Tabfe, column 4, the shipper shall
properly label packages, overpacks and freight containers (49 CFR
172.400). The sizes of these containérs may be as small as pint bottles,
large enough to hold hundreds of gallons of liquid, or any required size
in between; rail tank cars are explicitly excluded. There are two label
formats: diamond (square-on-point) and square or rectangular. The
diamond format must be at least 4 inches along the edge and comply with
content, color, and other fabrication standards. A text description of
the hazard represented by the label lies astride or"just below the midline
connecting the two side points, with a pictorial description of the hazard

‘above the lettering. Coloration further distinguishes the various labels,

some of which use three or four colors. There are diamond labels for all
the "hazard- classes and subclasses except etiological agents, which is
rectangular. In addition there is a DANGEROUS WHEN WET diamond label,
two rectangular warning labels (MAGNETIZED MATERIAL and CARGO AIRCRAFT
ONLY) and one square warning label (EMPTY). Subject to size and color
restrictions, a label may contain the UN and iMO hazard class number and,
if appropriate, IMO division number (discussed in Chapter V). ¥ The
MAGNETIZED MATERIAL and CARGO AIRCRAFT ONLY labels apply only to shipments
by aircraft. There are circumstances for which labeling is not required.
There are provisions for multiple labeling on a package (49
CFR 172.402), for authorized 7label modifications (49 CFR 172.405), for

"mixed and consolidated packaging (49 CFR 172.404), and for the proper

labeling of radioactive materials (49 CFR 172.403).

C. Placarding : . N

Shippers and carriers both have the duty of complying with the
placarding standards (49 CFR 172.500(a)). Etiological agents, ORM-
hazards, and materials shipped under Limited Quantities standards of the
DOT Regulations are exempt from placarding Eequirements (49 CFR
172.500(b)). |
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1) General Placarding Requirements

Freight containers and rail cars containing any
quantity of a hazardous material must (49 CFR 172.504(a)) be placarded on
each side and each end with the placards specified in Table III-5, General
Placarding Guides (summarized from 49 CFR 172.504). The table indicates
the placards to be displayed on rail cars-containing commodities of the
listed hazard classes, subject to some exceptions.

' Shippers may not offer, and carriers shall not accept,
a rail car 'containing hazardous cargo for transportation unless the
placards required by the DOT Regulations are affixed (49 CFR 172.508).
2) Special Placarding Standards

EXPLOSIVE A, POISON GAS, and POISON GAS-EMPTY placards
on rail cars must (49 CFR 172.510(a)) be placed on a black-bordered white
background as described in 49 CFR 172.527.

Each domed tank car containing a flammable 1liquid

having a Qapor pressure in excess of 16 p.s.i. at 1000F must (49 CFR
172.510(b)) have a DOME placard (49 CFR 173.119(h)) affixed adjacent to
the dome where it will be seen during loading and unloading operations.
When a tank car has been emptied of its hazardous

cargo, an EMPTY placard corresponding to the placard required for the
Tading must be placed on the car (49 CFR 172.510(c)) unless the tank car

(] contained a combustible 1iquid

(] has been reloaded with a material not subject to DOT Regulations

0 has been sufficiently cleaned of residue and purged of vapor to

. remove any potential hazard. |

An EMPTY placard is identical to the placard it replaces except that the
pictorial representation of the hazard class in the upper triangle  is
replaced by a black triangle marked EMPTY in white lettering (49 CFR
172.525). The EMPTY placard presumably can be fabricted as such, or by
attachment of a suitable triangular applique to the original placard. An
EMPTY placard must be attached when the most recently removed cargo
fequired one of the following placards: NON-FLAMMABLE GAS, OXYGEN,
FLAMMABLE GAS, CHLORINE, POISON GAS, FLAMMABLE or its GASOLINE variant,
FLAMMABLE SOLID, FLAMMABLE SOLID W (hazardous when wet), OXIDIZER, ORGANIC

PEROXIDE, POISON, and CORROSIVE.
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The OHMT requires, effective October 1, 1986, (49 CFR
172.510) that EMPTY placards be replaced with RESIDUE placards. Further
the RESIDUE mark, white lettering on a black field, must appear in the
lower placard triangle rather than 1in the upper triangular location
required for the EMPTY mark where it does not cover the hazard class
pictorial information. Other regulatory changes were made to reflect this
change. The OHMT has also adopted Rule 35 of the Uniform Freight
Classification Tariff which defines an empty tank car as one containing
not more than 3 percent of the weight of the car's last loaded movement;
the term was previously undefined. _

A FUMIGATION p]acafd must (49 CFR 172.510(d)) be attached
to. or near each door of a freight container or rail car that has been
fumigated or treated with a poisonous solid, liquid, or gas prior to
shipment. Fumigation of agricu]tura] products to control pests or improve
produce merchantability are two examples of fumigation practices.

3) Freight Containers, Cargo Tanks, and Portable Tanks

Container on flat car (COFC) freight containers with a
capacity of at least 640 cubic feet (a standard ten-foot container) must
be placardéd according to the hazard class of the contained material (49
CFR 172.512(a)). However, it appears that if the freight CGntaiher, and
any other container on the rail car, or a trailer on flat car (TOFC)-

service container, contains less than 1000 pounds of a material not in the
Exp]osivé, Radioactive, or Flammable Solid classes, no placard is required
(49 CFR 172.504(c)(2)). Containers of lesser size containing hazardous
materials must comply with the labeling requirements rather | than
placarding standards. . ‘
Cargo tanks and portable tanks of 1000 gallons or more
rated capacity containing a hazardous material must be placarded (49'CFR
172.514(a)); smaller tanks so loaded need not be placarded if they are
labeled in compliance with 49 CFR 172.406(e){4). Emptied tanks shall

- .remain placarded unless refilled with a material not subject to the

Regulations or until cleaned and purged to remove any potential hazard.
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4) Hazard Recognition from Placards

The regulatory classification identifies a hazard
associated with each regulated material. In the case of commodities
exhibiting several hazards the hierarchical scheme (49 CFR 173.2) provides
a 'designated primary hazard' that serves to classify the material into a
particular class, and provide placarding standards, container selection
standards, etc., for any other commodity. With the exception of a few
materials which must be shipped with a POISON placard as well as another
placard, the 'designated primary hazard' classification requires only one
placard. Thus for most materials only one hazard can be recognized from
the conta1ner or shipping papers unless other supporting information is at
hand. Chapter IV shows that most high-tonnage-rail-shipped materials
exhibit at least two hazards and that most of these are shipped with only
one placard and without the display of the proper shipping name on the
rail car. The net effect of the hierarchy is to 1limit possible
recogn1t1on of all of the hazards associated with a cargo.

It is interesting to compare the placarding standards
for large containers with the parallel Tabeling requirements for small
containers. Multiple labels are required much more frequently for small
quantities of a material than are'mu1t1p1e placards for bulk shipment of
the material. In most instances the second label required for small-
quantity shipments is the POISON label; a POISON placard is the one most
frequently found in pairs of placards, though not nearly as frequently as
in the small-package labeling counterpart.

2. Shipping Papers

Shippers offering hazardous materials, including hazardous
wastes, for transportation must prepare shipping papers describing the
hazardous material (49 CFR 172.200(a)). Carriers may not accept for
transporfétion any hazardous materials 'squect to the DOT Regulations
unless a properly prepared shipping paper to accompany the shipment is
also received (49 CFR 174.24(a)). Also required from the shipper is a
written certification that the goods are properly described, classified,
packaged, marked, labeled, and in proper condition for transportation (49

CFR 172.204).
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a. Required Information

Shipping papers that accompany a hazardous materials cargo
must contain several pieces of information (49 CFR 172.202) including:

) the proper shipping name for the hazardous material as
prescribed by the Table

. the hazard class of the hazardous material

. the six-character identification number associated with the

hazardous material in the Table
. the total quantity of hazardous material as described on the
shipping paper ,
° placard endorsement near the car number (49 CFR 174.25(a)(2))
. ptacard notation when the initial movement 1is a switching
operation (49 CFR 174.25(b)(3).
The first three pieces of information must appear together in the*order
above as part of the description of the shipment (49 CFR 172.202(b)). The
name of the placard required for the rail car sha11 appear on the waybill
in a suitably annotated place (49 CFR 172.203(g)(1)).

. The entry describing a hazardous material must be
identified by either "X" or "RQ" entered in a column captioned "HM"; the
letters "RQ" must, in any event, appear (49 CFR 172.203(c)(2)) as part of
the description of hazardous material. If the proper shipping name “for a
hazardous material that is a mixture or a solution does not identify the
components which make the material hazardous, the names of such components
must be entered (49 CFR 172.203(c)}(1)) on the shipping papers; these
component names shall be as found in the Table. There are additional
provisions (49 CFR 172;203(d)) for radioactive materials. There are
several additional, more épecific regulations (49 CFR 172.203(g),(j), and
(k)). '

' The USEPA hazardous waste manifest (40 CFR 262) must be
complied with (49 CFR 172.205); the manifest may be used as the shipping
paper provided all the requirements of the DOT Regulations are satisfied
(49 CFR 172.205(h)).
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b. Proper Shippiﬁé'Namés

The central element in the implementation of the hazardous -
materials requlations is the selection of the proper shipping name for the
material. The entries in the proper shipping name column of the Table
fulfill the following functions.

] properly identifies the commodity
) identifies the hazard class
. identifies the associated 6-character Identification Number (if
any)
° identifies (through other parts of the DOT Regulations)
markings, 1abels, placards, and proper shipping containers of
various sizes for each mode of transportation .
As indicated above, the proper shipping name found in column 2
of the Table is used on the shipping paper; 49 CFR 172.101(c) prescribes
how the 1information there shall be wused, as well as authorized
modifications to the proper shipping name. The authorized modifications
described there include the insertion of the-word "waste" in describing
hazardous wastes, the proper naming of mixtures involving both hazardous
and nonhazardous materials, and commodities for which there is no Table
entry. The last is really guidance to generic entries in the Table; and
is discussed below.

' The proper shipping name should not be confused by a similar set
of names, the Standard Transportation Commodity Code (STCC) namesZ. The
STCC names, and their associated seven-digit identification numbers, are
supported by AAR and, presumably, by the constituent member railroads, and
presumably are used in commercial transactions. The 100 Hazardous
Commodities 1ist in Chapter II is based, in part, on lists of hazardous
commodities supplied by AAR. The 1lists supplied by AAR, and thellist'of
100 Hazardous Commodities in Chapter II are based on STCC names. The
Commodity Sheets, used in Chapter IV to develop hazard profiles, and found
~in Appendix B, show both the STCC name and the proper shipping name for
each material. ' '

In génera], STCC names for single-constituent materials are the
same as the proper shipping name and differences, if any, reveal
additional clarity in “the STCC name that probably 1is of commercial
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significance. For example, "Ammonium Nitrate Fefti]izer, less than 0.2%
Carbon," must be identified on the shiphing paper as "Ammonium Nitrate
Fertilizer." On the other hand "Octyl Alcohol, Perfumery Grade" and
"0Octyl Alcohol, Other Than Perfumery Grade" must both be identified in the
shipping paper as "Alcohol, N.0.S."™ The differences between the two
grades of octyl alcohol are commercially significant to the cosmetics and
manufacturing industries. The proper shipping name "Alcohol, N.0.S." is
one of a group of generic names found in both the Table and the list of
STCC names. There are several generic commodities among the 100 Hazardous
Materials. '

The regulations é]ear]y reveal (49 CFR 172.101(c)(13)(ii)) the
utility of the generic commodities: they provide a way to classify
commodities that are not listed by a technical name. New materials and
products, for example, won't be identified by anything but a generic® name
because of their newness. There are hazardous materials constantly being
developed that are new to commercial transportation; the generic shipping
name provides a mechanism for making the regulations adaptive.

c. Selection of a Proper Shipping Name .

Selection of a correct proper shipping name is the heart of
the regulatory strategy. Once a proper shipping name is determined, the
hazard class, markings, 1labels, placards, shipping containers, and a
variety of other standards are established for the cargo. )

Because of the critical nature of the outcomes of the-

selection process, examination of the pertinent regulations is imperatiVe.
The regulatory guidance for this procedure is contained in 49 CFR 172.101
(c)(13), embedded in the description of the Hazardous Materials Table.
This passage indicates that there are different kinds of proper shipping
names, and that some are more appfopriate than (preferred to) other kinds.
A "+" designator in column 1 fixes the proper shipping name and hazard
class (49 CFR 172.101 (b)(1)). The most appropriately descriptive proper
shipping name is to be selected, presumably guided by the fndicated
hierarchy. ‘

_ With this guidance it is possible to develop a forha]
scheme for extracting a proper shipping name from the Hazardous Materials
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Table. Such a scheme, in flowchart form, is shown in Figure III-1. This
scheme embodies the preferential nature of proper shipping names but does
not necessarily lead to the most preferred. For example, Compressed Gas,
N.0.S. shipped with a FLAMMABLE placard appears to be acceptable. The
entry for Flammable Gas is associated with the preferential "+" designator
and directs the user to the Compressed gas entry mentioned. The purpose
for this inconsistency is unclear as is the resolution the user must make.
This and similar regulatory problems can be resolved and compliance
strengthened by more formally enforcing the hierarchical preferences among
proper shipping names. '

For this purpose four classes of proper shipping names are
designated:

e  explosives names
° technical names
] commodity names
. hazard names

Those names grouped under explosives are just those
materials that meet the current regulatory criteria for explosives and are
shipped with an EXPLOSIVES placard or label. Because these materials do
not exhibit properties of other hazard classes to any significant extent,
and because most shippers of these materials are not. shippers of other
hazardous materials, it is convenient to separate this group of names,
thereby simplifying for most users the name selection scheme proposed
below.

Technical names are those names such as cyclopropane,
potassium hydrogen sulfate, and sulfur dioxide which identify individual,
essentially pure individual materials whose properties and behavior are
well known and understood. Also included in this group'are'a number of
mixtures that are commerically well known, such as cutback. asphalt,
liquefied petroleum gas, petroleum crude oil, petroleum naphtha, and
tankage fertilizer. . Such materials are not pure materials but rathér are
mixtures of variable, usually indefinite composition. They are well known
commodities of commerce bought and sold on the basis of one or a few
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important, fairly constant physical or chemical properties such as solvent
properties or boiling temperature. As such, refinement of knowledge of
the composition and properties of such materials would not significantly
improve either merchantability or hazard characterization but would
increase the selling price of the goods. That 1is, they are suitably
identified for shipment, and refinement of the identification would
produce no improvement in the recognition of associated hazards.

Commodity-class names are those proper shipping names which
identify materials by their intended or primary end use rather than their
composition. Examples include: COSMETICS, N.0.S.; DISINFECTANT, LIQUID,
N.O.S}; MEDICINES, N.0.S.; and MOTOR FUEL, N.0.S. Such names are generic
in nature but offer some insights into the hazards presented in handling
during loading and spill cleanup. They are generic in the sense that
there is not a distinctive hazard class associated with the material.
COSMETICS, N.0.S. may be a combustible 1liquid, a flammable Tliquid, a
flammable solid, an oxidizer, or a corrosive material. Recognition of the
associated hazard depends on ‘seeing packaging labels or shipping papers.
The shipping name might be refined to reflect the hazard class, but would
be of no consequence unless other avenues of communication are
strengthened as well.

. Hazard-class names are those proper )shipping names which
are derived from the names of the hazard classes. There is an extensive
group of these in the Table, and many of these, such as Flammable
Corrosive'Solid, N.0.S., reflect multiple haiards. Presence of such names
in the Table represents a commendably suitable regulatory mechanism for
authorized compliant entry of new materials into commerce.

These classes of proper shipping names are not intended to
be absolute, but serve to. illustrate the proposed process. There are
instances where it is desirable to intentionally violate this name
classification scheme. '

An hierarchical search of proper shipping name 1lists can
then be required, as shown in Figure III-2. This approach serves to
simplify and greatly enhance success in selection of the most appropriate
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proper shipping name. Where specific problems arise (usually between
commodity-class names and hazard-class names), inter-table cross
referencing relieves ambiguity.

While the proper shipping name for a hazardous material is
not displayed on a rail car, it does appear in the shipping papers. The
most descriptive, informative name should appear there for greatest value
at the time of an accident. Application of the name directly to the rail
car would be even more useful at an accident scene, especially immediately
after an accident. _ '

d. Hazard Recognition from Shipping Papers

A1l of the regulatory information about hazardous materials
is contained in the shipping papers so that defects in information
available directly mirrors the shortfalls in the regulations discussed
elsewhere and thus are not subject to further criticism. The shipping
papers are the heart of the regulatory process and communication of hazard
information. 7 o

There is some concern, however, about making the shipping
papers the central repository for all the hazard information in a railroad
environment. The typical modern long-haul freight train is a mile or more
Tong. In the event of a derailment, the duty of the crew is to notify the
dispatcher and to move the locomotive and any movable rolling stock a safe
distance (say one mile) up the track. The shipping papers, in the hands
of the conductor,'aré traditionally in the caboose which is even further
from the locomotive than the derailed cars. On those roads and divisions
where the caboose is no longer attached to the train the conductor and
shipping papers are aboard the locomotive. In either instance they are
some distance from any wreckage that may have to be -dealt with by early
responders, and therefore there may be some delay in getting shipping
paper information into the hands of early responders in a timely fashion.
The severity of this drawback in rail transportation is not clear and
should warrant consideration. It is support for 1improved on-container
hazard recognition information, and is support for current on-container
information practices.
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E. OPERATING STANDARDS

There are additional requirements pertaining to hazardous materials
of a general operational nature and not necessarily associated with
preparing a particular commodity or class of hazardous materials for
shipment. These derivative regulations are summarized below.

1. Rail Car Inspection

There are four principal passages pertaining to the inspection
of railcars: tank cars; rail cars for explosives; rail cars for
radioactive materials; and general requirements.

2. Loading and Unloading Provisions

Loading of fluids into tank cars must comply with ullage
requirements; such provisions are found among the general or specific
packaging requireménts (49 CFR 173) for the materials. Compressed™ gas
loading standards are stated in terms of filling densities; these are
fractions or percentages of the water weight capacity (49 CFR 173.314(c)).
Filling requirements for butadiene and liquified petroleum gas must follow
seasonal requirements (49 CFR 173.315(b)). Liquids must have adequate
vapor space for expansion. V §

3. Consist and Movement Standards

There are a number of regulations pertaining to the assembly of
rail cars into trains and the handling of trains and loaded rail cars.
These are summarized below in terms of switching and consist standards.

a. Switching Sténdards

Figure III-3 summarizes the required and forbidden
switching operations (49 CFR 174.83, .84, and .85) for various car
operation combinations. Placarded cars involved in switching operations

that require the use of the handbrakes must be subjected to a handbrake
check beforehand. Switching oeprations involving placarded tank.cars and
the use of handbrakes on ladder tracks (e.g. team tracks and small yards)
have additional requirements. There are very few forbidden car-operation
combinations. Movements of hazardous materials must be expedited (49 CFR
174.14).
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Figure II1-3. Switching Standards for Hazardous Material
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b. Consist Standards
_ Figure III-4 broadly summarizes the regulations pertaining
to the placement of placarded cars in trains (49 CFR 174.86 to 174.93);
the reﬁu]ations pkovide more detail. In Figure III-4 "F" means that the
placarded car-train location is forbidden; "P" means that the combination

is permitted; "PT" signifies a forbidden combination involving tank cars
but permitted for other cars; "R" indicates a required combination; and
"T" forbids combinations involving placarded tank cars. Placarded cars in
Figure III-4 means Tloaded placarded cars except for the two '"empty"
columns, The regulations "are unclear on this matter and inclusion of
empty cars among the loaded placarded cars would lead to inconsistencies
in the regulations. Placarded cars are forbidden in passenger trains but
may be included in mixed (passenger and freight combined) trains to
destinations where there is no freight service (49 CFR 174.87). Occupiéd
revenue cars in Figure I1I-4 include passenger-carrying cars and-attended-
cargo freight cars. Ignition sources in that figure include operating
‘heating or refrigeration equipment, operating internal combustion engines
and various comfort and safety equipment such as stoves, heaters and
lanterns. '
4. Other Requirements

There are a number of additional operating standards and these
are summarized here. ’ , K

At each terminal where trains are assembled by yard crews, the
carrier must (49 CFR 174.26(a)) prepére consecutively-numbered notices
showing the location in each train of cars carrying EXPLOSIVES A or POISON
GAS placards. A copy of each notice must be delivered to the train crew,
and- a copy showing de]ivéry must be kept on fi]e by the carrier at each
point where the notice is issued. The notice must be transferred at crew-
change points. ‘ 4 |

For all other cars carrying placards, the crew must (49 CFR
174.26(b)) have a consist or other document showing the train location of
each placarded car when the train is accepted by the crew. Location
changes, including additions, made by the 'crew need not appear in the
document. '
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Figure III-4. Consist Standards for Hazardous Materials
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A copy of the properly-completed shipping papers for shipments
of hazardous materials in the train (described above) must (49 CFR
174.26(c)) be in the possession of the crew.

F.  PENDING REGULATORY CHANGES

The recent massive release of methyl isocyanate in India has prompted
the Office of Hazardous Materials Transportation to publish a Notice of
Proposed Rulemaking (NPRM)3,  The proposed changes pertain -to volatile
liquids with toxic vapors. Specifically, for liquids with a vapor
concentration at 680F that is at least ten times the inhalation LCgqg
toxicity value, and that vapor concentration value is 1000 parts per
million (ppm) or less, the following will be required:

[ The shipping paper shall bear the words “Poison-Inhaiﬁtion

Hazard" in association with the proper shipping name; )
) Rail cars and other freight containers must carry POISON
placards on both sides and both ends. ,
The LCgg inhalation toxicity value is determined using the methodology
described above for Poison B materials. Note that this standard does not
change the hazard classification of the material (methy] isocyanate is
classified as a flammable liquid, for example) but it does require the
container to be double-placarded.

G.  SUMMARY OF REGULATORY REQUIREMENTS

Underlying the scheme for the classification of hazardous materials
are the definitions of the hazards. Several of these definitions could be
improved, most notably those for toxic, noxious, and irritating materials.
The sources of 'difficu1fy in defining these hazards are several-fold.
First, the nonlethal, incapacitating aspects of toxicity in materials has

_been neglected, no doubt because these are poorly defined and quantified

in the concentration ranges of importance at an accident scene. Second,

the regqulations. are ambiguous about whether minimum lethal dose or route
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of entry into the body is the important criterion, and this results in
ambiguities in the definitions. Both of these factors are important and
their roles in the regulatory process need to be examined and clarified.

The classification of a hazardous material is determined by the
hazard definition satisfied. When two or more hazard criteria are
satisfied, reference is made to a hierarchical preference table to obtain
the classification.  The classification then determines authorized
‘containers, required placard, etc. Since the vast majority of these
hazardous materials are shipped ‘with placards appropriate for only one
hazard class, that class effectively becomes the 'designated primary
hazard.' |

As a practical matter materials that can be specifically identified
by their proper shipping name in the Hazardous Materials Table have been
classified by the regulations and 1little is left to chance -- except
nonprimary hazards. Where the proper shipping name for a material is
determined by the end use or hazards presented, knowledge of the hazards
presented and hierarchy of hazards must'guide the selection of a proper
shipping name. The selection of a best proper shipping name must also
recognize the notion that some proper shipping names are more descriptive
than others. This hierarchy of descriptiveness in the proper shipping
name is a valuable one, is not well prescribed in the regulations, and
could be enforced by building the hierarchy into the Hazardous Materials
Table.

The recognition of the hazards of regulated materials may be obtained
from on-container information or from shipping papers. The shipping
papers identify all the aspects of a hazardous cargo that are developed by
the regulation. For most cargoes the on-container information includes a
four-digit didentifying number (one of several thousand) and a placard.
Adequate identification of the cargo requires a table indexing proper
shipping names to the numbers. Further information is 'required to
determine whether there are any hazards in addition to the 'designated
primary hazards.' Timely availability of information from shipping papers
to early responders at an accident scene may be a problem, that could be
alleviated by stronger on-container information regulations.
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CHAPTER IV
"TECHNICAL ANALYSIS

In this chapter use will be made of the technical information
available about hazardous materials, together with hazardous materials
accident experience, to determine the adequacy of the regulations in
identifying the dangers associated with hazardous materials in rail
transportation.

A.  ANALYTICAL TOOLS, OBJECTIVES AND PROCEDURES

The tools used to assess the adequacy, applicability and utility of
the DOT Regulations include an automated set of accident data from the
USDOT Office of Hazardous Materials Transportation (OHMT) and a sét of
Commodity Sheets (and supporting data), one for each of the materials
identified in Chapter II.

1. Accident Data
The automated data set of accident information obtained from

OHMT contained reports of rail accidents involving hazardous materials
between mid-1973 and late 1984. In addition to . accident date and

location, consignor, consignee and carrier information, each record,

contains information about the container, commodity involved, accident
results, injuries and deaths, losses (dollars) and coded dinformation
described below. Of the 1488 records in the file, 89 pertained to small
containers and were not included in the analyses. Eighty-eight of the
remaining records pertained to "HOPPER R" containers, presumably hopper
cars and bulk COFC containers suitable for dry materials. The remaining
1311 records -pertained to tank cars of one sort or another. ,

While it may be desirable -to compare accident data on a
commodity basis for each of the 100 materials identified in Chapter II,
there are several reasons'why this will not be done. Not all the 100
commodities identified in Chapter II are found among those from the
accident data, so that a peffect matching for analysis is not possible.
Also the accident experience is not uniform for all commodities due, in
part, to differences in shipping rates as well as to numbers of years the
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material has been shipped. That is, some materials (e.g., hydrochloric,
nitric and squuric acids) have been shipped in large quantities for many
years, while others, such as toluene difsocynate, have been shipped by
rail for only a few years. Fufther, restricting these technical analyses
to only the 100 materials from Chapter II means that a lot of data are
discarded needlessly.

Because insufficient accident experience can color analyses
based on an historical perspective; all the data will be retained and
pooled into hazard classes to retain as much analytical robustness as
possible. Even with this strategy, however, several hazard classes -ORM's
and, to a lesser extent, the Poisons - are poorly represented in the
historical data. _

2. Commodity Sheets

These documents, one for each of the materials identified in
Chapter II; are described and presented in Appendix B. . These Commodity
Sheets present, in capsule form, a cross-section of physical, chemical,
and hazard information intended to provide the reader some insight into
the dangers associated with handling these materials, and to support the
analyses reported below. While they resemble, and are partially based on,
‘material safety data sheets and emergency response guide]ines,'they are
not intended to. substitute for either of them. Rather, the Commodity
Sheets are intended to provide the support for a technical analysis and
development of hazard profiles for the commodities to be developed below.
'While it is not possible in the presenf format and medium to
present the full range of information about a material, the carefully
chosen data elements present a useful cross-section of information.
Carefully interpreted, virtually all the information required to confirm
the hazard assessments may be found there. Much of the rest comes from -
accident histories.
3. Analytical Objectives

Three broad issues drive the analyses, including the
identification, classification and recognition of the material and its
associated hazards. ‘
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a. lIdentification of Hazards
Hazard identification " consists of testing with two

questions;:

° are all the hazards identified?
0 are the attributes sufficiently well characterized to permit
classification?

The first issue is self descriptive, but it and its answers are subject to
differences of opinibn. The sufficiency of hazard information was
discussed, in part, in Chapter III. Because two issues of identification
and sufficiency are intertwined with the larger matters of classification
and recognition, the matter of hazard identification can not be considered
settled.
b. Classification of Hazards

~ The hazard class definitions and the hierarchical
classification preference table (49 CFR 173.2) constitute the
classification scheme for the.Regulations. As such these are major items
to be considered in the technical analysis.

c. Recognition of Hazards

Hazard recognition addresses questions surrounding the
subject matter to be communicated by regulatory compliance, and the
communication mechanism, as required by the classification, marking,
labeling, placarding and shipping paper regulations of 49 CFR 173, It is .
upon this point that all regulatory standards focus. If there are no
derailed cars, no ruptured containers, and no spillage of hazardous
materials, then all the requirements have been superfluous save those to
guide shipping and handling. It 1is only when there is a derailment, a
container rupture, or spillage that there arises the matter of qué]ity and
quantity of information to be communicated. What does a first responder
or train crewman need to know in dealing wi%h an accident? What should a
yard inspector know about a material dripping from a leaking tank car?

While the DOT Regulations do not directly address the
questions, clearly-framed answers must be in hand as the philosophical

81



undergirding to direbt the scope and thrust of the DOT Regulations. From
such considerations the evaluation found in Chapter III inferred answers
to these questions; the technical analysis below will further examine the
matter of hazard recognition.

4, Analytical Process

Evaluation of accident data and commodity sheets for presented
hazards does not lead to a manageable set of hazard categories, but does
" lead to an intermediate state from which such a set can be derived.

The development of the full range of hazards for a commodity was
accomplished in two parts. One part took advantage of the nature of the
hierarchical preference table of hazard classes (49 CFR 173.2) to identify
other hazard classes deemed to be of lesser importance in the DOT
Regulations than the assigned hazard class. These were combined with
other hazards identified from the Commodity Sheets in Appendix B to
determine the full range of hazards presented graphically below.

A méta-ana]ysis‘of the outcomes of this process revealed several
dinteresting points: - »

. the bulk of the tabulated information could be grouped into
eight hazard categories,

e it is possible to produce a reasonable, self-consistent four-
point hazard assessment scale (none; slight; moderate; and
severe or significant);

(] the preéence or absence of fire at an accident scene can play a
dominating role in assessing the explosion and toxicity hazards
of an accidént scene,

These three points effectively determine the procedure wused for
development of hazard profiles from an analysis of the range of presented
hazards. Also useful in the development of profi]es were portions of the
hazard definitions from the DOT Regulations.

The resulting eight hazard profile categories do not correspond
to the traditional (i.e, Regulatory) hazard classes. They do provide
hazard categories for which comparative assessments can be developed for
individual commodities, and therefore provide a very useful vantage point
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from which to evaluate the DOT Regulations. The eight hazard categories
are discussed in detail below.

( The reduction of the hazard spectra to hazard profiles
necessitated the development of a set of rules for the reduction process
to minimize the element of subjectivity that can arise in such a process.
The rules, in turn, define the hazard profile categories, provide the
means for their understanding, and for using them to evaluate the DOT
Regulations. The rules are discussed next as parts of the hazard category
descriptions.

B.  DESCRIPTIONS OF THE HAZARD CATEGORIES

The eight categories of hazards identified from the tabu]atidn of
hazards presented by various materials incliude: a E
. ignition hazard B
oxidation hazard
corrosion hazard
environmental hazard
water hazard
safety hazard
explosion hazard ' , ¥

toxicity hazard. _
The Tlast two, explosion and toxicity haZards, are dichotomized by the
presence or absence of fire at the accident scene.. ‘

1. Ignition Hazard

" This category identifies materials that can act as fuels in
fires and similar processes, and includes: all materials that bear any
- sort of flammable or combustible placard, and flammable and combustible
liquids and flammable gases and solids as defined in the DOT Regulations.
Flammable 1iquids and gases are regarded as moderate hazards. 'Pyrophoric
materials are rated as severe hazards because of their spontaneous
ignition properties and the grave importance of fire at an accident scene.
Ignitable T1iquids not classified as flammable or combustible in the
Regulations (e.g., glacial acetic acid and dinitrotoluene) are generally
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treated as slight or moderate ignition hazards while ignitable solids are
slight ignition hazards.

‘ Ammonia, a non-flammable gas, can be ignited in concentrations
sufficiently high as to pose only a slight ignition hazard.

Accident experience reflected in the OHMT data has shown, for
many hazard classes, that fires and explosions are associated outcomes of
an accident environment. In addition to combinations of no adverse
outcome of this sort, the OHMT data file provides information about all
possibie outcome combinations for spillage, fire, and explosion. It is
possible on this basis to segregate the outcomes neglecting joint events.
Table IV-1 shows these results for occurrences of fire neglecting other
outcomes (i.e., spillage and explosions) that might be associated with the
fire. The most adversely affected class is flammable gases, with a rate
~ about twice that of either flammable solids, the second-place class, or
flammable liquids, very close behind in third place. Several percentage
points behind in fourth position is Poison B with all other hazard classes
displaying nearly inconsequehtia] percentages. Most dimportant to be
gleaned in addition to the leaders is the relationship betweem flammable
and combustible liquids, with rates of 17% and 3% respectively. This
differential in percentage of accidents involving fire can be regarded as
strong support for the regulatory differentiation between flammable and
combustible 1iquids. It is not necessarily support for retention of
combustible Tiquids as a separate major class among the hazardous
materials. It is noted in closing that Poison B materials (liquids and
solids) present a comparatively significant risk of fire. This risk is
distinctly greater than that of combustible Tiquids and nearly as great as
that of flammable 1iquids and soltids. This fire hazard associated with
Poison B materials is a documented'example of the multiplicity of hazards
associated with the rail shipment of 5u1k quantities of hazardous
materials. The OHMT data do not support determination of cause and effect
in the risk of fire with Poison B materials. Analyses presented Tater in
this chapter reveal that some of the Poison B materials in the 1ist of 100
hazardous materials qualify as combustible 1iquids.

84



TABLE 1V-1. FIRE OCCURRENCE RATES FOR THE HAZARD CLASSES

Hazard Class

lQ

Flammable Gases
. , Flammable Solids
I . Flammable Liquids

Poison B Materials
Combustible Liquids
Oxidizing Materials

T Corrosive Materials
Non-Flammable Gases
Explosives "A" Materials

- Blasting Agents
ORM-A Materials
ORM-B Materials

- ORM-C Materials
ORM-E Materials
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Occurrence of Fire - %1

34.0
17.4
17.2

14.3
3.3
2.7

2.5
2.0
0.0

0.0
0.0
0.0

0.0
0.0

lIncludes joint occurrences with spillage and explosions.



2. Oxidation Hazard

This hazard category identifies all materials which, when mixed
with suitable fué]s, enhance the ignition hazard at an accident scene.
Inctuded are all materials that must be shipped with either an OXIDIZER or
PEROXIDE placard, and stimulate fires by their contribution of oxygen. As
noted in Chapter III; however, there are a number of other materials which
conform to a broader, more modern definition of oxidizers, and these are
‘ also described by this category. They are capable of producing processes
phenomenologically identical with fire, resulting in: the production of
flame and heat; behavior as an ignition source; and the production of
vision-obscuring, noxious, or dangerous fume clouds. _

The halogens chlorine (among the 100 dangerous materials) and
chemically similar fluorine (not'in the 1ist of 100 materials) are two

gaseous materials that satisfy this broad definition of oxidation hazard

but do not meet the regulatory definition of oxidizing materials. The
other two halogens, bromine (a Tiquid) and iodine (a subliming solid) also
not classified as oxidizers are chemically similar to fluorine and
chlorine but react much less vigorously with most materials. This Tlack of
reaction vigor suggests that these materials are not capable of initiating

and sustaining accident scene processes that produce significant amounts.

of heat or dangerous fumes.

This phenomenological definition of oxidation hazard is
consistent with the modern chemical definition of oxidation which is cast
in terms of electron transfer reactions. This definition includes as a
special case the much older definition of oxygen transfer reaction of
oxidizers that 1is implemented by the DOT Regulations for oxidizing
materials. ' ’

3. Corrosion Hazard

Corrosion hazards are presented by those materials that are

corrosive to structural metals (e.g., steel and aluminum). Those
materials bearing a CORROSIVE placard because of their effect on the
structural metals are dincluded in this hazard category. Excluded,

however, would be any materials classified as corrosive solely on the
basis of their effect on tissue; these materials are. regarded as worker
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safety hazards (discussed below). In general, corrosive materials

destructive to structural metals are also destructive to tissue as well,
Aluminum and steel make an .interesting pair of materials for the

eva]uation.of the corrosion hazard. The reactivity of acidic materials

with steel is rapid while the reactivity with aluminum is quite

temperature sensitive and sluggish at ambient temperatures. Alkaline or
caustic materials, on the other hand, react slowly with steel but
vigorously with aluminum. . :

The reaction of acids with steel and caustics with aluminum
result in the production of hydrogen, a flammable gas. Thus, a massive
reaction (e.g., a tank car in a large pool) of these materials has the
potential for producing a significant accumulation of unignited hydrogen,
posing a potential explosion hazard for reasons discussed below under
explosion hazards. '

The evolution of hydrogen gas in these corrosion reactions
implies chemically that the corrosion reactivity depends upon the strength
of the acid or base. The strength of the acid or base, for practical
purposes, is determined, by innate properties of the material and, by the
concentration of its aqueous solution. These two factors determining the
strength of an acid can be complementary or one can suppress the
cdnsequences of the other, and the effect can be determined by either or
both of the factors. '

4, Toxicity Hazard
The assessment of toxicity is complex because of the numerous

uses for the data which, in turn, spawn the numerous ways of expressing
test results. In part this arises from the nebulous nature. of the

_definition of toxicity. saxl defines toxicity as "the ability of a

chemical to cause injury once it reaches a susceptible site in or on the
body." Very often the toxicity data pertain to a fatal injury
(1ethality), and therein 1lies one of the difficulties of dealing with
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toxicity data. The data come as harmful effects and lethal effects
reports, and there is no valid way to convert injury data to lethality
data. It should be noted that the word toxicity- is interpreted here as
not necessaki]y fatal, while lethal 1is the ultimate or end toxic effect.
Toxic effects are produced by exposure to smaller amounts of a material
while lethal effects result from comparatively 1lardger exposures of the
material. Thus, the interpretation and analysis of the Commodity Sheets
in Appendix B requires scrupulous attention to the effect expressed in the
toxicity data section. Toxic doses or concentrations were assumed to
represent a harmful but nonfatal exposure and therefore a less severe
threat to the species than lethal (fatal) doses or concentrations. The
descriptors "toxic" and "poisonous" found in the various references were
interpreted as "harmful" and "lethal", respectively. The word "toxic" as
used in this report means "harmful, possibly fatal."

A second issue alluded to, but not directly addressed, in the
definition pertains to mechanistic considerations - transportation of the
toxic material to a susceptible site as discussed in the evaluation of
Chapter III. The DOT Regulations require that a material express its
toxic effects via a systemic mechanism in order to be considered a poison.
This means that a particular material must manifest its effects on only a
few particular organs or sites (e.g., intercell neurotransmission areas)
to be deemed poisonous. The alternative is for a material to act by
general corrosive destruction of whatever tissue it may come in contact
with,  For example, chlorine respired into the lungs will corrosively
destroy cell integrity, resulting in the release of flooding quantities of
body fluids (edema) that prevent respiration. The same corrosive
destruction of chlorine can occur -to the eyes, skin, digestive system,
etc., depending only on accessibility to manifest itself. There is no
attack by chlorine on any specific part of the biomachinery in the
manifestation of toxic effects.

The time of exposure to a toxic material and the time to onset
of symptoms or effects are also important considerations in assessing
toxicity; -The time (duration) of exposure to a toxic material, together
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with the concentration or amount of material involved, are major factors
in determining the dosage of the toxic material. Other factors are test
specific. For example, the breathing rate is determining in inhalation
toxicity while the ingestion rate for oral toxicity and skin surface area‘
exposed in skin toxicity can also be central factors. '

The time to onset of - effects 1is conceptually simpler to
understand, but potentiai]y more difficult to assess especially where non-
lethal effects occur. For many toxic materials the effects are prompt;
inhalation of even very small amounts of chlorine gas will almost
immediately produce respiratory irritation and edema. For other materials
the time to onset of symptoms may depend on the concentration; ethylene
oxide exposure in high concentrations will promptly produce respiratory
irritation or edema while very much Tlower concentrations will produce

delayed nausea and vomiting. For still other materials the effect is =

damage to other organs and may go undetected unless sought in laboratory -
test animals.

While the concepts of systemic and corrosive mechanisms are very
useful in the study of toxicology, they must not be allowed to obscure the
fact that chlorine (and other materials acting via a corrosive mechanism)
present a very serious potentia] or real threat of injury or death to

workers at an accident scene. Evaluation of toxicity as an accident =

hazard will neglect mechanistic consideration in these analyses.

Saxl has defined hazard as "the likelihood that a chemical will
cause injury under circumstances of ordinary use." While this definition
may be appropriate for toxicology, several minor changes are appropriate
for this study. First, materials should be considered synonymous with
chemicals so that it is clear that hazard considerations may be applied to
all 100 of the hazardous materials identified in Chapter II. Second,
fatalities should be formally recognized as one form of injury as
indicated above. Last, one way of quantifying hazard 1ikelihood is to
assign different critical dosage limits to various routes of entry and
fbrms of materials, based on the f011owing'considerations.
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The route of entry into the body of a material is a major
consideration of toxicity in a spill. Oral toxic effects_by a material
when spilled in bulk at a rail accident can be minimized by a combination
of appropriate protective garments, training, personal habits, and careful
management of the mitigation and cleanup crews. Use of a respirator
(either filter or supplied air, as required) together with protective
clothing will provide protection against inhalation of toxic matefia]s.
Such protective clothing is heavy and unventilated; heat stress is usually
experienced requiring the wearer to stop work and at least partially
remove the garments. From these considerations, and recoghition of the
threat arising from the downwind migration of toxic fumes to points remote
to the spill scene, inhalation toxicity presents the most significant
threat to accident scene workers.

Table 1IV-2 represents' the quantification of LDsg and LCgp
toxicity hazards in developing the hazard profiles based, in part, on
values from values from the Hodge-Sterner Scale discussed in Chapter III.
Toxicity (non-lethal effects) data and hézards associated with combustion
products for which there are no quantitative data were treated
subjectivity in a manner consistent with the above and the follaowing rules
for combustion products: |

TABLE IV-2. LDgg and LC50 VALUES FOR HAZARD PROFILE TOXICITY HAZARDS

LDsg and LCsqp Hazard Limits

Route Slight Moderate Severe

Inhalation 5000 ppm 500 ppm 50 ppm

Oral 50 g/kg 5 g/kg 0.5 mg/kg

Skin 1000 mg/kg 100 mg/kg 10 mg/kg
90
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° poisonous fumes were considered a severe hazard;
. toxic fumes were usually considered a slight or moderate hazard
and only rarely a severe hazard.

Fire, or its absence, at an accident scene produces a
dichotomizing effect on the evaluation of the toxicity hazard. Some
materials, such as butadiene (flammable 'gas), present a negligible
toxicity hazard if spilled but present a more significant hazard from
combustion products if ignited and burned. For other materials, fire may
also alter the nature of the risk. Phosphorus, for example, is a moderate
oral and skin poison which, if. ignited, produces an airborne toxic cloud
of phosphorus pentoxide. To recognize this important factor, the toxicity
of each material has been evaluated in the absence and presence of fire;
the latter assessment is often a subjective judgement based chiefly on
response guides and other hazard sources in the absence of appropriate
quantitative data.

5. Environmental Hazard

The assessment of environmental hazards is an attempt to assess
the environmental consequences of commodity spillage in an accident.
Ideally, this should include effects on plant and animal life, soil
sterilization, and damage to surface and ground water. In practice, ‘there
were a number of problems to be dealt with.

There is scanty soil sterilization data available for
consideration and the sterilization mechanism may depend bnbbiodegradation
or other reactions. The paucity of available information did not support
efforts to assemble such data for this report. . 4

Damage to surface and ground water systems is also difficult to
assess becadse of a strong situation dependency. Spillage of a tank car-
load of a material into a stream has a much more deleterious effect than
into a river. The geology and aquifer depth'underlying an accident scene
strongly affects groundwater damage assessment.

Evaluation of the toxicity data for terrestrial animals and
freshwater and saltwater aquatic species proved troublesome for several
reasons. Other than the rating system developed by the National Academy
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of Sciences (NAS), there appears to be no basis for assessing toxicity to
wildlife, and the NAS approach specifies norms only for aquatic life,
Values for human toxic effects have been used for terrestrial animals,
although there is no established basis, other than expendiency, for

adoption of such a substitution. The five-point NAS rating system is not

compatible with the four-point rating scale adopted for this study.

The assessment of the environmental hazard associated with an
hazardous material was based on the values in Table IV-2 and Table IV-3
where possible. Emphasis was placed on inhalation as the most hazardous
for terrestrial animals, with oral and contact (skin) toxicity essentially
comparable and less hazardous as routes of entry. No attembt was made to
assess'the route-of-entry aspect for aquatic 1ife. '

TABLE IV-3. ENVIRONMENTAL RATING SCALE FOR AQUATIC LIFE

Hazard
Toxicity (ppm) Rating
Less than 10 Severe
10-500 Moderate
500-2000 Slight
Greater than 2000 Negligible

6. Water Hazard
This hazard reflects the significant effects that firefighting
water can have on some of the materials evaluated. Materials that must
bear the "FLAMMABLE SOLID W" placard react with water to produce a
flammable gas, or react with water to produce explosive materials that
present especially serious dangers. Other materials may react with water
to produce lesser hazards including: the evolution of heat from dilution

(exacerbated by spattering), the production of toxic materials, or

materials with other dangers. The production of toxic gases is considered
to be especially significant.
7. Safety Hazard
Identified here are several potentially hazardous situations

pertinent to workers in the immediate vicinity of an accident scene.
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While most are not 1ife-threatening, all are hazards that must be
recognized and dealt with to minimize worker hazard in accident site
management.

Among the hazards recognized here are:

0 cryogenic hazard arising from extremely cold materials ihc]uding

- those compressed gases ‘which chill to 1iqu1d form when the
pressure is suddenly released;

] suffocating gases which produce deleterious effects by
displacement of respirable .air;

° irritating materials that degrade worker performance and may
require assisted removal of an incapacitated worker from the
sites

0 commodities corrosive to materials frequently found in
protective clothing and firefighting equipment such as -

- nonferrous, nonaluminum metals and alloys (e.g., brass)

- rubber, plastics and kindred materials.

The OHMT data provide some insight into safety hazards in the
reporting of injuries and deaths. Since there is no associated causal
data, toxic effects may also be included in these data. Table IV-4 shows
the injury-and-death experience for the various hazard c]aésesf The rates
reflect persons per accident for each class. Zeros in the table imply
that there are no reported injuries (or deaths) in the data while values
greater than 100 percent reflect multiple 1hjuries per accident. There is
no time-related information in the OHMT data pertaining to dosage and
exposure. _

Inspection of Table IV-4 reveals that the compressed gases are
the only classes where fatalities have occured as well as being most
injurious. . The extremely high injury rates are attributed to multiple
injuries and are another indicator of the dangers associated with

accidents involving large quantities of hazardous materials.

8. Explosion Hazard
Explosion hazards, like toxicity hazards, are dichotomized by
the absence or presence of fire at an accident scene. Class A explosives,
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TABLE IV-4, [INJURY AND DEATH RATES FOR THE HAZARD CLASSES

Hazard Ciass Injury Rate -%l Death Rate -%

Flammable Gases 330 11

Non-Flammable Gases . 274 19
~ Flammable Solids - 61 0

Poison B Materials 54

Corrosive Materials 24

Flammable Liquids 20

Exp]osives "A" Materials 0

Blasting Agents
Oxidizing Materials

Combustible Liquids
'ORM-A Materials
ORM-B Materials

ORM-C Materials
ORM-E Materials

1 Rates in excess of 100 percent imply more than 1 person injured per

averaged accident. The rate is expressed as persons per accident,
expressed as a percentage of all accidents ‘for the class of material.
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and to a lesser extent, Class B explosives, present a serious explosion
hazard whether or not there is a fire present. Most other materials that
present a major explosion hazard require the involvement of fire and an
extended period of container heating to develop the hazard.

| There are several classes of fire-related explosion hazards.
Perhaps the most spectacular and most feared of these is the boi]ing-
1iquid-expanding-vapor explosion  (BLEVE) 1in which the contents of an
inadequately vented, heated container are volatilized to re]enf]ess]y
increase the pressure until the container fails violently. The flammable
compressed gases are especially high BLEVE risks. The polymerization of
plastics monomers can occur once the po]ymerization inhibitor is destroyed
by heat. These polymerization reactions 1liberate heat that accelerates
the polymerization process, resulting in a spectacular rise in internal
pressure and temperature followed by a spectacular, catastrophic
explosion. Tank car thermal insulation systems significantly reduce this
risk. _ .

If the container fails along the side the explosion produces a
roughly circular danger zone. If the failure occurs at the tank head
(end), there is a potential for container rocketing in which the container
behaves 1ike a missile. Such rapid gross movement can propel a rail tank
car several hundred feet, greatly expanding the size of the accident scene
and perilously increasing the risk to workers. Fragments have been thrown
hundreds of yards.

‘Unconfined vapor cloud explosions (UVCE's) present another
hazard when containment of flammable gases and volatile 1liquids is Tlost.
If the concentration of the flammable cloud is within the flammable limits
of the material, ignition can cause a very rapid, violent combustion
process to occur, which is 1like the dust explosions in grain elevators.
Military field trials dinvolving the use of small explosives to initiate
UVCE's have produced supersonic flame velocities comparable to the flame
velocities in high (Class A) exp]osives. Using ignition sources most
likely to be found at a railway accident, sonic flame velocities,

comparable to low (Class B) explosives should be expected.
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In emergency response guides such UVCE phenomena are not well
identified as explosion hazards but rather as flashback hazards using
phrases such as "ignition sources may cause flashback along vapor trail to
the spill site." The control of ignition sources at an accident site is
very important.

The potential for explosion from BLEVES, violent polymerization,
and, to a lesser extent, UVCE's or flashbacks present significant hazards,
the first two in the presence of fire.

Other indicators of potent1a1 explosion hazards _include phrases
such as:

° flammable gas produced or released

) violent reaction '

o explodes in heat or fire

° explodes when confined and heated
An explosives placard, violent polymerizations or other reactions, and
explosions in heat or fire are uniformly regarded for this report as very
serious hazards; others may be regarded as less serious, depending on the
material and specific hazard. '

Table IV-5 shows the explosion accident experience for the
various hazard classes in the OHMT data. These values neglect the
occurrences of joint events; some of these explosions involved fire. The
flammable gases show a rate nearly three-fold higher than Poison B
~materials which is second in the 1ist, and more than three-fold higher
than the flammable solids, third on the 1list. The materials classed as
explosives show no history of explosions, though this might be attributed
to the paucity.of accident history as much as to the deferential care
accorded explosive materials.

Explosions of the compressed gases are to be expected, and the

outcomes also mirror the fire data in Table IV-1 above. Flammable solids
are much less explosive in comparison to the gases than the fire data
would predict. Some of these reports may be attributed to the mingling of
materials. :

Finally, note there are a number of hazard classes for which
there is no recogn1zed tendency toward exp1051veness but at least indicate
some accident experience with explosions.
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TABLE IV-5. EXPLOSION RATES FOR THE HAZARD CLASSES

Hazard Class Exp]osion Rate -%1
Flammable Gases , | 15.0
Poison B Materials 5.7
Flammable Solids | 4.3
Corrosive Materials 1.2
Non-Flammable Gases 1.0
Flammable Liquids 0.9
Oxidizfng Materials 0.9
Combustible Liquids , 0.8
Explosives "A" Materials 0.0
Blasting Agents - 0.0
ORM-A Materials 0.0
ORM-B Materials 0.0
ORM-C Materials ' 0.0
ORM-E Materials 0.0

1 Includes Jjoint occurrences with épi]]age and fire
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Table IV-6 displays the occurrence of joint outcomes involving
spillage, fire, and explosions. Rounding will keep rows from adding to
100%. There are no reported instances of explosions unaccompanied by fire
or spillage. A

Flammable gases, while showing the highest containment rate
(measured as nonspillage), show the greatest variety of outcomes including

the highest rates for fire and explosion as well as spillage, fire, and

explosion results. The compressed gases are the only classes for which
spillage and explosion was an accident result. Poison B materials show
the second highest spillage, fire, and explosion rate in the table; fires
and explosions are not implicit hazards in the regulatory definitions of
the poisonous materials. |

C. RESULTS OF THE ANALYSIS

For convenience the 100 commodities analyzed were grouped into their
hazard classes as assigned ih the DOT Requlations. . For each hazard class
the hazard spectra and their reduction to efght hazard profile categories
are presented together. This arrangement focuses on the analytical
results without obscuring the process. |

| 1. An Historical Qverview
The data obtained from OHMT, though intended for other purposes,
also provides useful general information for this study. Some of the

information is of a Specific nature and has -been presented in conjunction
with hazard category descriptidns above. Other results obtained from this
data are of a general hature that present an important background against
which the detailed analysis can be viewed. '

a. Shipping and Accident Rates

The shipping rate data supplied by AAR for each commodity
may be compared with accident rates ca]cuTated from OHMT data for each
hazard class for which data are available. For purposes here, the
shipping rate for a hazard class 1is the percentage of all hazardous
material tank cars shipped that' fell into the hazard class. Accident
rates, in turn, are the corresponding tank car accident information
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TABLE IV-6. JOINT EVENTS INVOLVING SPILLAGE, FIRE AND
EXPLOSIONS FOR THE HAZARD CLASSES

Joint Event Rates - %l

1s. Spillage; F: Fire; E: Explosions

99

Hazard Class None N F S&F S&E F&E S,F&E
Explosives A 100
Blasting Agent 100
Flammable Liquids 3 80 1 15 1
Combustible ) :
- Liquid 1 96 1 2 1
Flammable Solids 9 74 4 9 4
Oxidizers 3 9 3 1
Corrosives ' 2 - 96 ' 1 1
‘Flammable Gases 14 52 7 13 1 6 8
Non-Flammable |

Gases 10 87 1 1 1
Poison B 11 74 9 6
ORM-A ' - 100
ORM-B 100
ORM-C _ 100
ORM-E | | 100



extracted from the OHMT data. Percentages are used to. remove
discrepancies between annual shipping rates versus all accidents 1in the
period 1971-1984; some of the shipping data are for 1979 but most pertains
to 1983. It is to be expected intuitively that the accident rate should
‘mirror the shipping rates. The comparisons, shown in Table IV-7, clearly
show that such expectations are not supported for the bompressed gases and
flammable liquids. To quantitatively assert that the differences in these
cases is 1important or significant requires an underlying quantitative
probability relationship that cannot be evaluated. There are two major
_ barriers to such quantification: absence of other shipping data of a more
general nature and the very low accident rates (0.01-0.05%) that can be
inferred from the OHMT data. The very low accident rates suggest that the
probability distribution for accident rates is relatively broad and f1at,

and this, in turn, suggests that the differences shown in Table IV-7 may-

not be statistica]]y significant. Data gathering and model development
seem mandatory to pursue the discrepancies further.

The OHMT data base does not support analysis of the effects |

of coupler restraints, head shields, or insulation systems. There are no
data fields pertaining to such matters in the data base, and approximately
50 percent of the rail cars in the data base are described simply as "tank
car." '
b. Losses

The monetary Tlosses of an accident are another important
yardstick for assessing the costs and hazards of transporting dangerous
goods. Table IV-8 shows the average losses in‘thousands'of dollars for
each hazard class. These data must be regarded as suspect, however. For
example, an accident on November 8, 1979 at Inwood, Indiana involved nine
type 111AW tank cars loaded with hazardous materials. in the accident
30,000 gallons of corrosive materials, 55,000 gallons of flammable
1iquids, and 10,000 gallons of combustible 1iquids were released. For one
of the cars, the reported loss was $2.3 million, and for the other eight
there are no reported losses. The only plausible interpretation is that
the losses for the accident were $2.3 million and that Tlosses
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TABLE IV-7.

Hazard Class

Corrosive Material
Flammable Gas
Flammable Liquid

Non-Flammable Gas
Combustible Liquid
Poison B

Flammable Solid
ORM-A
Oxidizing Material

Poison A
" ORM-E

HAZARDOUS MATERIALS SHIPPING AND ACCIDENT RATES

Shipping Rate - %

31.2
21.0
20.4

15.2
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Accident Rate - %

30.9
11.7
33.2 ¢



TABLE IV-8.

Hazard Class

Flammable Gas
ORM-C
Poison B

Combustible Liquid
Flammable Liquid
ORM-E

Corrosive Material
Non-Flammable Gas
0xidizing Material

Flammable Solid
ORM-A
ORM-B

LOSSES FOR HAZARD CLASSES

Losses!

$184.8
50.0
45.1

34.2
20.7
19.0

16.5
15.5
5.5

laverage losses expressed in thousands of dollars.
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for individual materials and hazard classes is unknown. Since there is no
obvious, simple scheme for apportioning the losses, no attempt was made to
refine the data.

c. Multi-Car Hazardous Materials Accidents

It is possible to estimate from the OHMT the frequency of
accidents involving two or more rail cars bearing hazardous materials.
These relative frequencies are shown in Table IV-9. The historical data
clearly suggest that the majority of hazardous materials accidents involve
only a single rail car of such commodities, and that the 1ikelihood of an
accident invo]ving more than five hazardous materials rail cars is of the
order 1:500 to 1:1000. In this context the nine-car Inwood, Indiana
accident above is highly unusual. The spillage of 95,000 gallons of
hazardous materials in such a multicar accident clearly illustrates the
magnitude of the problems that can arise, and is one of the distinguishing -
features of such rail accidents.

d. Spillage _

It might be expected that cargo containment in an accident
is important in mitigating damages and losses, but Table IV-10 indicates
that, for many hazard classes, containment plays no role in mitigation.
Only for the compressed gases, Poison B materials, and flammable solids is
there some expectation for cargo retention. While spillage in an accident
might be reduced to, say, 50% by building stronger, more crashworthy rail
cars, the initial cost and increased weight of the loaded car might make
rail transportation uneconomical. Other considerations that make such an
approach unfeasible are the vigorous <competition from highway
transportation and the extra stress and wear caused by héavy ‘cars on
rails, especially in line-haul operations. These considerations, together
with Tow accident rates, suggest that a reasonable tradeoff has been found
for most materials and that negligible retention rates (high spillage
rates) must be regarded as a "price of doing business." Other approaches,
such as accident prevention, should be more fruitful. ’
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TABLE IV-9. FREQUENCY OF MULTI-CAR HAZARDOUS MATERIALS ACCIDENTS

Number of Hazardous .
Materials Cars/Accident Relative Frequencyl

100.00
4.40
1.08

10.72
0.36

No Data
0.18
0.09

- 0.18

10 or more _ 0.09

W 00 N O GO B W N =

INormalized to single-car accidents - 100.0.
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TABLE IV-10. SPILLAGE RATES FOR HAZARD CLASSES

Hazard Class

Explosives A
Blasting Agents'
ORM-A

ORM-B

ORM-C
ORM-E
Combustible Liquids
Corrosive Materials

Oxidizing Materials
Flammable Liquids

Non-Flammable Gases

Poison B Materials

Flammable Solids
‘Flammable Gases

Spillage - %1 °

100
100
100
100

100
100
98
98

97
96
89
89

87
74

1 Includes joint occurrences with fire and explosion
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e.  Evacuation

" Removal of accident site workers and the civilian
population from areas threatened by the consequencies of>an accident 1is
determined by several factors, chiefly, commodity properties and loss of
containment at an accident scene. Evacuations typically are initiated by
threats of explosion and by the release and transit of clouds of hazardous
materials. Explosion hazards arise principally with intact containers
while downwind evacuations for hazardous clouds occur with container
rupture and spillage. |

Table IV-11 shows evacuation rates, expressed as
percentages, for various hazard classes. MWhile the data from multi-car
accidents suffer from the problems discussed above, they do provide useful
insights into this aspect of dangerous materials. While it is not
surprising to see compressed gases and flammable Tliquids near the top of .
the Tist, it is interesting to rote that Poison B materials (1iquids and
solids) are second on the list. More surprising is that the evacuation
rate for Poison B materials is hear]y as high as that for flammable gases,
twice " that of non-flammable gases, and three-fold higher than for
flammable 1liquids. This suggests that Poison B materials are more
- dangerous than their secondary status indicates. Accidents involving
explosives and blasting agents, on the other hand, have not Tled. to
evacuations. Such an observation may be colored by low shipping rates and
infrequency of accidents. The evacuation rate for corrosive materials
presumably compares with that for flammable Tliquids chiefly because of
noxious and corrosive fumes from these materials.
f.- Summary of General Historical Perspective

It is useful to point out that the various general aspects
of an accident scene are much more interdependent than this presentation
suggests, and much dépends upon the particulars of the accident. Specific
commod it ies involved, containment, presence and Tlocation of fire, and
nature of the area affected by adverse outcomes play a central role in
accident site management, especially in precleanup phases.
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TABLE Iv-11. EVACUATION RATES‘FOR HAZARD CLASSES

Hazard Class

Flammable Gases
Poison B Materials
Non-Flammable Gases

- Flammable Liquids
Corrosive Materials
Flammable Solid

Combustible Liquids‘

Oxidizing Materials
Explosives A

Blasting Materials
ORM-A
" ORM-B

ORM-C
ORM-E
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17
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There are other, more particular accident scene data that
will be presented below in conjunction with specific hazards.
2. Flammable Liquids

Figure IV-1 shows the hazard spectra for the 36 flammable
Tiquids. These materials are, with the exception of one material
satisfying Poison B criteria, either irritating or noxious (ORM-A)
materials, and all exhibit a potential flashback hazard. More or Tless,
most materials are polymerizable monomers for plastics and synthetic
rubbers while most of the rest are solvents or solutions. The
universality of the flashback hazard is not surprising for this hazard
class. Many of the materials present a potential for violent
polymerization (explosion). A significant minority were identified as
poisonous by CHRIS, producers of poisonous combustion products, or
required to bear a poison label when shipped in small quantities; only-:
methyl 1isocyanate 1is identified as satisfying the Poison B class
requirements. The five .commodities satisfying the corrosive materials
definition all produce injurious skin, eye, or respiratory effects.

The results of consolidating the hazard spectra into hazard
profiles is shown in Figure IV-2. In this and all hazard profiie charts, -
the open circles represent slight hazards, dotted open circles indicate a
moderate hazard, and filled circles signify a serious hazard.

Inspection of Figure IV-2 indicates a predictable uniform severe
ignition hazard for flammable liquids. Also found are .generally light to
moderate environmental and safety hazards. In the absence of fire there
is a moderate explosion risk attributable chiefly to a flashback hazard
and, typicatly, a moderate toxicity hazard. Inspection of the potential
for explosion in the presence of fire reveals an interesting pattern.

- There is a group of materials for which there is a severe
explosion hazard and a second group for which there is either a slight or
negligible hazard. Closer inspection reveals the Tlatter group is
comprised chiefly of established, étap]e solvents used for many decades in
the chemical and related ’1ndustries as well as ingredients in consumer
goods. The materials showing a severe explosion hazard in the presence of
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Hazards Spectra of the Flammable Liquids

109

P



Acc?:;:ms FiRE FT:E
2

2|8l38|2 HNEE

HHHHBBERHE

StalEisizldlal <3 x

HHEHEHE HEHE
ACETALDEMYDE @| e OO IeIC
ACETONE @| Ol IO I9|@
ACROLEIN o | o o6l O
ACRYLONITRILE @ | & [ejeCicle
BENZENE ' ' ] e O] ojlo
2.3UTANOL iCI Ol |00 @O
CARBON OISULFIDE ® | | [Oleleic
CHLOROPRENE C CReE O o©
CYCLOMEXANE @l © CHRe<
DENATURED ALCOHOL @ ol O] | ol -
€PICHLOROHYDRIN O CHe e
E£THYL ACETATE ® | |Of {CIO] [elo

) ETHYL ACRYLATE, INHIBITED O o/l e olo

ETHYL ALCOHOL, ANKYDRGUS,DENATURED | @] Ol IO OO
ETHYL BENZENE [} O 1 | 1ele
ETHYL CHLORIDE ®] | |Cf [Ole] (@
ETHYLENE OXIDE i o [Clel {elo
FUEL, AVIATION, TURBINE ENGINE @) Ol IO OO
GASOLINE, BLENDED @] © Il l© o)
GASOLINE, CASING HEAD ®| ] O OO
HEXANE O @ OO
ISOPROPANOL e | O IO | 160
METHANOL @l S HECHo©
METHANOL, CONTAMINATED O] Ol [Cle] [ol®
METHYL ETHYL KETONE Ol [CAO] [l
METHYL [SOCYANATE @| OOe0rE e
METHYL METHACRYLATE, MONGMER (]l ol IClel [O©
NAPHTHA @] Ol ICIOl 10l©
PETROLEUM NAPTHA @| Ol IOl I0|®
PETROLEUM, PARTIALLY REFINED @ Ol |ICI0] IO|©
PROPYLENE OXIDE I Ol Icle| o
ROSIN SOLUTION OF 1l | [©lo
STYRENE, MONOMER [l ©] |Cle] joI©
TOLUENE ] ol I ICel©
VINYL ACETATE @| ol IClel [olo
XYLENE @ o I [eOIele

@ SEVERE HAZARD
MODERATE HAZARD
SLIGHT HAZARD

Figure IV-2. Hazard Profiles for the Flammable Liquids
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fire are the comparatively new po]ymeriiab]e monomeric materials that have
probably been introduced into commerce since the general development of
the current regulatory structure, and several common and not-so-common
solvents and specialty.chemicals. Note also that the materials in this
last group that present severe environmental hazards and severe no-fire
toxicity hazards or safety hazards are the newer monomeric materials.
3. Combustible Liquids
The hazard spectra for the seven combustible 1iquids, shown in

Figure IV-3, are considerably less complex than. those for  flammable
liquids. In addition to the combustibility property, the majority of
these materials emit noxious fumes, one can polymerize, several emit
poisonous combustion products, and one has reportable quantity (RQ) limits
to be dealt with if spilled.

The hazard Profiles, Figure IV-4, show that all the materials .
present a moderate ignition hazard in consonance with the dgfinitiéh of
combustible liquids. Typically they also present a moderate environmental
hazard and a light or moderate accident scene worker safety hazard. In
the absence of fire there generally is a slight toxicity hazard and an
occasional moderate explosion hazard. If the commodity is involved in a
wreck and fire there is a distinct increase in both the explosion and
toxicity hazards. f

The hazard spectra and hazard profiles for combustible liquids
clearly reveal an important point. In a regulatory sense these are
materials that are capable of producing noxious fumes and sustaining
combustion as fuels. Examination of emergency response guides reveals a
few other dangerous elements, and consideration of all the properties of a
material, together with accident scene hazard factors (including
dichotomizing fire effects), reveals a still larger number of hazard
elements, This raises a fundamental question: what is, or should be, the
relationship between the DOT Regulations and .the hazard profiles. The
question will be dealt with in Chapter V; Chapter III has indicated that
the answer must be couched in a careful consideration of intended
audiences for the DOT Regulations.
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4. Flammable Solids
The three flammable solids in the 1ist of 100 dangerous

commodities present interesting and important hazard spectra and profiles,
Figures IV-5 and 1IV-6. In addition td satisfying the definitions of
several Tlesser -hazard classes, the hazard spectra show that these
materials are poisonous and very reactive. The hazard profiles reveal
these properties as well as potential explosion hazards. The most
dangerous of these 1is for metallic sodium, a very reactive material
capable of violent reaction with many substances found about an accident
scene. -Water, some alcohols, acids, and other similar materials produce
the most violent reactions and produce flammable hydrogen gas as well.
Calcium carbide reacts with the same materials to produce acetylene, also
a flammable gas; reaction with caustic solutions produces explosive
acetylides. ]
Not shown clearly in the hazard profiles is the very important
pyrophoric nature of phosphorhs and sodium. Release of these materials
will virtually guarantee initiation or aggravation of a fire. Pyrophoric
behavior is quite uncommon among commercially important materials but its
presence at an accident scene can play a dominating role in the course of
mitigation and cleanup activities. The range of hazards to be dealt with
includes the corrosion hazard of acids and caustics produced by the
reactions of these commodities.
5. Oxidizing Materials

The hazard spectra for these materials are shown in Figure IV-7.
In addition to the oxidation hazard, they present Significant explosive
tendencies and the ability to evolve toxic or poisonous combustion
products, as well as a tendency to be corrosive and otherwise damage rail
cars (ORM-B). ' _

The hazard profiles, Figure IV-8, show that these materials
present a broad range of other hazards, most of them moderate or severe.
Most important of these are explosiveness and toxicity in the presence of
fire. '
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Sodium and potassium nitrate are ingredients in black powder and
other explosives, Ammonium nitrate was responsib1e for the massively
destructive 1947 explosion in the Texas City harbor. Hydrogen peroxide
containers may explode in a fire; the material itself reacts vigorously or
vio]éntly with a wide variety of materials. Catalytic decomposition of
hydrogen peroxide produces hydrogen, a flammable gas. Dilute (3% and 6%)

solutions are consumer bleaches. Nitrates and other nitrogen-containing

materials, as well as ‘halogen-containing (especially fluorine and
chlorine) commodities will produce toxic or poisonous combustion products.
In addition to being an oxidizer, the corrosiveness of nitric
acid toward metals produces hydrogen gas and the threat of fire and
explosion. - Corrosiveness to a wide variety of materials and
destructiveness to tissue present a significant danger to site workers.
Emitted fumes are toxic and corrosive. ;;
Sodium chlorate and other chlorate salts are _explosively
sensitive to friction., Mixtures of them with organicAmaterials, carbon,
sulfur, etc., are explosively sensitive to heat and percussion; mixtures
with phosphorus are spoptaneous]y explosive. Chemically similar potassium
chlorate (not on the Tlist of 100 dangerous materials) is a common
ingredient in pyrotechhic'finished goods.
6. Corrosive Materials

The 16 commodities that satisfy the definition of a corrosive

material also satisfy the criteria for irritating materials and for ORM-A
materials as indicated 1ﬁ Figure IV-9. All can cause significant damage
to a rail car during transportation (ORM-B) and many undergo violent
reaction with common materials. Most produce poiéonous combustion
products and behave unfavorably wheh encountering wéter. It is not
surprising to see that the corresponding hazard profiles, Figure IV-10,
reveal a significant range of consolidated hazard categories.

Since the hazard profile corrosion category applies only -to the
action of the material on steel and alumfnum, not all the materials
present a severe corrosion hazard. While the three organic materials
(acetic acid, acetic anhydride and hexamethylenediamine) are classified by

119

e

i



IRRITATING MATERIAL

: COMBUSTIBLE LIQUID
POISONOUS COMBUSTION PRODUCTS
CHRIS WARNING
DANGEROUS WHEN WET

 VIOLENT REACTION-COMMON MATERIALS
RQ MATERIAL

- CORROSIVE TO GLASS

ACETICACID

ACETIC ANHYDRIDE

e —

CAUSTIC SODA, POTASSIUM, MIXED

FERRIC CHLORIDE, SOLUTION

HEXAMETHYLENE DIAMINE

-

HYDROCHRORIC ACID

HYDROFLUOSILICIC ACID

HYDROGEN FLUORIDE, ANHYDROUS

OLEUM

PHOSPHATIC FERTILIZER SOLUTION

——

POTASSIUM HYDROXIDE, LIQUID

SODIUM HYDROSULFIDE, SOLUTION

—

SODIUM HYDROXIDE, LIQUID

SODIUM HYDROXIDE, SOLUTION

——

SULFURICACID

SULFURIC ACID, SPENT

00000000000 OO OO O oriosivEMATERAL
00/0/0000(00000006/0/0
000000000 00066666 -

10/0|0/0/0/0/0/0/0/0/(0/0/00/0 @ o~vs
0000 0 (0000 00

SATISFIES HAiARD ELASS DEFINITION
OR POSSESSES INDICATED ATTRIBUTE

Figure IV-9. Hazard Spectra for the Corrosive Materials

120




ALL NO
ACCIDENTS FIRE { gRe

- |

<

-

Z E =z -4

2 S g E Q > g z
AR HE EFEE
' Ela|l| =] ~] ws ) [ =
zlzlzl2l«cl:la]lXga]Xx
AR HBE BHEEBEE
ACETIC ACID, GLACIAL @O OO IO |©
ACETIC ANHYDRIDE Q| ool [©
CAUSTIC SODIUM, POTASSIUM, MIXED Ol |elolc|elolo] [©
FERRIC CHLORIDE, SOLUTION @ IO IO |©
HEXAMETHYLENE DIAMINE O O] [ [ |©
HYDROCHLORIC ACID @O0]eCl] |©
HYDROFLUOSILICIC ACID Q| l@lclcle] el |©
HYDROGEN FLUORIDE, ANHYDROUS e CERORC
OLEUM @] 19O|@®C] .[@ ©
PHOSPHORIC ACID e [ [Olo|lO
POTASSIUM HYDROXIDE, SOLUTION Q| |e|o|0|@Olo] |©
SODIUM HYDROSULFIDE, SOLUTION o] |0 e |e
SODIUM HYDROXIDE, LIQUID O] [@Clcleloleol [©
SODIUM HYDROXIDE; SOLUTION O [elClojelole] |©
SULFURIC ACID Ol lelolcjel (@ [©
'| suLruRIC ACID, SPENT o|O|C|e] e [©

@ SEVERE HAZARD
MODERATE HAZARD.

@ SUGHT HAZARD

Figure I[IV-10.

121

Hazard Profiles for the Corrosive Materials

sat

LT IOV g

e



the DOT Regulations as corrosive, this is due'chief]y to their injurious
effect on tissue (skin, eyes, respiratory system), and this 1is reflected
in the safety hazard column. Inspection of this column shows that these
materials are not in the most severe rating category. Mineral acids and
caustics in the high concentrations of the commodities selected (ca. 50%
for caustics and 80-110% for acids) are more destructive of tissue.
Hydrogen fluoride 1is poisonous, including that which evolves s1ow1y from
hydrofluosilicic acid; this evolution is accelerated by heat. Sodium
hydrosulfide solutions are also poisonous, as 1is the hydrogen sulfide
(flammable gas) evolved from it by the action of heat and acids. Heat
increases the toxicity hazard of several other materials. Addition of
modest quantities of water to comparatively large quantities of most of
these materials results in the production of heat. For many materials the
heat production can be quite vigorous, while with oleum it may become .
violent; there is also a safety hazard associated with this activity,
usually in the vicinity of the spill. ’ |
7. Flammable Gases

In addition to flammability these gases also present hazards
associated with flashback (a free-air explosion), rocketing (explosion and
gross motion of an intact heated container) and frostbite from the cold
11quid prbduced during an abrupt pressure release. Most of these
flammable gases are suffocants, and the liquid state of several also
present an ignition hazard as shownlby the open circles in their hazard
spectra in Figure IV-11. The extent of this hazard. is determined by the
very rapid flash evaporatioﬁ behavior of the particular spilled 1iquid and
this, 1in turn, depends chiefly on the boiling temperature of the
material, the ambient temperature, and the severity of leakage (dribble
versus massive rupture).

Explosions are regarded by workers at an accident scene as a
very serious event and rocketing is the more serious manifestation of this
hazard. The-abrupt movement of such a massive object as a tank car can
rupture other containers, ignite additional fires and significantly
enlarge an accident scene as well as do general serious injury and damage.
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Because the time of the explosion cannot always be predicted, sound
practice at a site where a flammable gas container is engulfed in an
uncontrollable fire is to abandon the site and withdraw beyond the radius
of potential damage. Typical distances of withdrawal are 1500 to 2500
feet, depending on the material and source of emergency response guide
information.

Free air unconfined vapor cloud explosions (UVCE's) also present
a problem but these are not associated with the extreme motion of a
rocketing rail car. The blast and overpreésure of a UVCE can injure and
kill people as well as rupture and move -rail cars sufficiently to create
additional problems and hazards, including the ignition and spread of
fires.

The hazard profiles for flammable gases, Figure IV-12, show that
ignition and explosion are major hazards. Explosions in fire are of the.
violent, rupture-and-rocket, variety, while flashbacks (UVCE's) are the
explosive mechanism in the absence of fire. The safety hazard is
essentially the cryogenic hazard derived from chilling of the material
upon the abrupt release of pressure. Environmental and toxicity data are
sparse for these materials and some assignments have been surmised by
intercomparison with materials of established hazard and similar chemical
structure.

8. Non-Flammable Gases

The variety of hazards presénted‘by the four non-flammable gases
is impressive, extending from suffocant and cryogenic hazards to
flammability and explosion hazards. Their hazard spectra are shown in
Figure IV-13. ’

Anhydrous ammonia is a very unusual material from the regulatory
point of view. In Chapter III it was indicated that flammable gases are
those compressed gases that satisfy either or both of the following
conditions (49 CFR 173.300 (b) (1)):

. a mixture of 13 volume percent or less with air forms a
flammable mixture, or
° the flammable range with air is wider than 12 percent regardiess

of the Tower limit. ‘
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Figure 1IV-13. Hazard Spectra for the Non-Flammable Gases
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Anhydrous ammonia with flammability 1limits of 15.5-27.0%, has a lower-
limit that exceeds the 13 percent 1limit of the first criterion and a
flammability range of 11.5%, insufficient to satisfy the second criterion.

~ Theoretically, these 1limits could produce a UVCE above an ammonia spill

pool although ignition might be difficult. "From an historical perspective
there are two instances of accidents involving ammonia in the OHMT data
including one as an aqueous solution with a concentration greater than 44
percent; the DOT Regulations classify this material as a compressed gas
rather than as a compressed gas in solution because ammonium can be
liquefied. Lesser concentrations of aqueous ammonia are shipped as
ammonium hydroxide with a different identification number. Neither this
material nor the anhydrous ammonia in the second instance were involved in
fire. )

Several of the materials are highly reactive with common . _
materials and most important in this regard is chlorine. Chlorine is
capable of reacting vigorously or violently with a broad spectrum of
materials in fire-like processes that pfoduce sufficient heat to kindle
conventional fires. In such processes ch]oriné behaves not as a fuel but
rather 1ike an oxidizing material. Because it does not contribute oxygen
to such processes it is not classified as an oxidizing material; this is d
requlatory defect based on a traditional definition of oxidizing
materials, as described elsewhere in this report.

Perhaps a more important attribute of chlorine is its toxicity.
Even though it 1is not so poisonous as others of the 100 dangerous
materials, it must be shipped with a poison placard on which the POISON
GAS lettering has been replaced by "CHLORINE." Oxygen is the only other
material shipped with its identification on the placard. ' '

The hazard pfofi]es, Figure IV-14, are nearly as hetrogeneous as
the corresponding hazard spectra. The environmental and safety categories
are uniformly moderate, the latter due to a combination of c¢ryogenic and
irritant properties. Chlorine gas 1is moderately corrosive to ferrous
mefa]s even in very dilute mixtdres with air. Ammonia and sulfur dioxide
are distinctly less corrosive; moisture makes the effect more pronounced.
Fire and kindred phenomena distinctly alter the toxicity of several of
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these materials, and chlorine presents a severe oxidation hazard as
discussed. The Tlack of recognition of the explosiveness of anhydrous
ammonia 1is puzzling and may be based on a lack of experience in the U.S.
transportation dindustry. Instances of explosions in ammonia plant
operations have been reported.

9. Poison A Materials

These three gaseous materials all present a severe inhalation
toxicity threat. As shown in the hazard spectra,. Figure IV-15, all are
"RQ Materials" and are destructive to accident scene materials when wet;
as liquefied materials they are also cryogenic hazards. Flammability and
poisonous combustion prdduct threats are also among the presented hazards.
The hazard_profi]es; shown in Figure IV-16, are dominated by the severe
toxicity threat either with or without the presence of fire, and by the )

severe threat of explosion in a fire. There is a moderate-to-severe .

environmental danger.as well, and for hydrogen cyanide there are ignition -
and flashback (explosion) hazards for the released material. For such a
small group of materials these profiles present a formidable range of
dangers.

10. Poison B Materials

At an accident scene where these materials have been released,
workers should be 1in protective clothing to guard against skihftoxicity,.
and, in the event of exposure to heat, all of the Poison B materials in
this study produce poisonous fumes. While all will burn, toluene
diisocynate (TDI), an ingredient in polyurethane paint, does not meet the
flash point criterion for combustible 1iquids as indicated in the hazard
spectra in Figure iV-17. TDI can be ignited with difficulty, however.
The corresponding hazard profiles, Figure IV-18, show uniform moderate-to-
severe ignition, environmental, and worker hazards as well as toxicity
hazards in both fire and non-fire situations. Motor fuel antiknock
compounds present either a moderate (combustible 1iquid) hazard or severe
(flammable 1iquid) hazard depending on formulation, including solvent.

' In addition to skin and inhalation toxicity, these materials
also present significant oral toxicity threats. Such oral toxicity
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problems can be minimized by a combination of protective clothing, good
personal habits, and careful worker management. Breathing apparatus is
the only protection against the toxic combustion products.
11. ORM-A Materials ,
Figure IV-19 shows the hazard spectra for ORM-A materials. As
ORM-A materials they are nuisances or noxious materials that are also
environmentally hazardous (RQ) substances. One of them, maleic anhydride,
is very reactive toward many of the other 100 hazardous materials. Both
of the profiled materials will produce poisonous combustion products;

carbon tetrachloride, for example, may form phosgene, one of"the Poison A
gases. Carbon tetrachloride was also one of the first of the chlorinated
solvents to be regulated by industrial workplace safety standards.

The corresponding hazard profiles, Figure IV-20, indicate that

while the severity of the hazards is generally less than for some of the.

other hazard classes, the range of active hazard categories compares with
most other hazard classes. -That is, reduction in the level or degree of
danger is not matched by a corresponding reduction in the range of hazards
that must be recognized and dealt with at an accident scene.
12. ORM-E Materials
The sole representative of this class, dinjtrotb]uehe, is used

in the manufacture of dyestuffs and explosives. The hazard spectrum,
Figure IV-21, reveals that this material is an environmentally hazardous
(RQ) material and, like other nitrogen-containing materials, burns to
produce dangerous combustion products. The corresponding hazard profile,
Figure IV-22, displays a moderate toxicity rating by the material itself
as well as by the combustion produéts; the environmental category also has
a moderate rating. The flash point, 4049F, is quite high and indicates
that the material is difficult to ignite.
13. Generically - Described Materials

For those materials not specifically provided for in the DOT
Regu]ations;'there are a number of generic proper shipping names that may
be used, together with their associated hazard classes. The hazard
profiles for such materials, Figure IV-23, are quite simple because the
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generic name communicates essentially no information other than the hazard
class. For one material, Alcohol, N.0.S., some additional information is
transmitted, but this is less than satisfactory. As indicated elsewhere
in this report, Alcohol, N.0.S. covers a variety of spent, contaminated,
or diluted alcohols or otherwise unlisted materials with unpredictable
properties. This  unpredictability in  properties implies an
unpredictability for the hazard spectra and thus a necessary
unpredictability in the hazard prdfiTes. That is, the very simple hazard
spectra give rise to equally simple hazard profiles.

It 1is possible to quantify the hazard profile symbols to a
numeric 0-3 scale and obtain an arithmetic average value for each hazard
category across all profiles in a hazard class. While it might be argued
that this average profile 1is biased, depending upon the particular

commodities, there are two significant counter arguments. First, average.
profiles obtained from classes of a larger number of commodities will not

be significantly disturbed by the odd, unusual material that might have
been included in .the 1list. Secondly, because emphasis was placed on the
commodities with the highest shipping rates, the derived average profiles
can be described as the most appropriate for the hazard classes.

Figures 1V-24 through IV-27 compare by hazard class, the hazard
profiles obtained from the profiles of the fully-described materials
above. Even a casual examination of the comparisons between the generic
and average profiles reveals a wealth of additional hazard information
associated with fully-described materials that can only be guessed'at with
the corresponding generically-identified materials. While the generic
identifiers - may be adequate for situations ‘'normally incident to
operations,' significant improvement is possible for abnormal operating
incidents (1,e., accidents). This communications shortfall is comparable
to the identification number that may identify ten or more commodities,
many of them generic materials. "By improving this area, the DOT
Regulations could be more robust. A
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CHAPTER V
RECOMMENDATIONS

From the analysis of the DOT Regulations and from technical analyses
of the hazards and other properties of 100 hazardous materials, a number
of areas where improvements are desirable have been identified and should
be addressed. Given the massive quantities'of diverse hazardous materials
transported by the railroads, and their associated hazards, a rail
accident scene can quickly involve large numbers of civilians and their
property several miles away from the immediaté accident scene. Because
the level of danger in such an accident can rise to severe levels almost
instantly, it is imperative that immediate communication of the hazards be
attained. It is also important to attain a high degree of dependability
in the information communicated. The regulations should be structured in
such a way as to fully portray the risks and dangers associated with an
accident involving hazardous materials by recognizing that these dangers
may extend well beyond the accident scene.

It is convenient to describe recommended improvements within the
framework of the three broad areas used throughout this report: hazard
identification, hazard classification, and hazard recognitidn.

Hazard identification deals with the delineation of individual

hazards; the regulatory definitions of the hazard classes directly address

this issue. A well-drawn hazard definition is the foundation of hazard
regulation. 7

Hazard classificétion provides the regulatory machinery for dealing
with those commodities displaying properties corresponding to two or more
of the hazard identification definitions above. The assignment of a
hazard classification from among the presented hazards 1is accomplished
using a prioritized list of hazards. The order of hazard classes is, in
fact, the entire classification system for mu]ti-hazard materials.

The issue of hazard recognition pertains to a number of derivative
requirements, such as marking, Tabeling, placarding, and shipping papers,'
which serve to communicate the outcomes of the hazard classification
process to shippers, carriers, loaders, and others who must deal with a
material and its transportation requirements. Hazard recognition issues
are the measures of adequacy in hazard identification and classification.
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A.  HAZARD IDENTIFICATION ISSUES

} Analyses have revealed specific questions about the definitions of
three hazard classes: oxidizing materials, corrosive materials, and
poisons. In addition, the presence in the DOT Regulations of separate
hazard classifications for dirritating materials, ORM-A (noxious)
materials, ORM-C (unfit for transportation unless regulated) materials,
and ORM-E (hazardous by designation) materials provide a degree of
complexity not warranted by regulatory practice. The ORM-B (damaging to
rail cars) materials show a concern for a carrier's equipment more
properly dealt with through trade associations than in the regulations.
1. Oxidizing Materials '

The definition of oxidizing materials in terms of oxygen
transfer is inconsistent with modern chemistry. Oxidizing materials are

oxidizing agents -- materials that gain and release electrons in the

modern chemical sense -- and materials that react by oxygen transfer are
an important subclass of oxidizing materials. '

There are a variety of classes of oxidation reactions and the
participants  in several of these ought to be excluded from this hazard
class because they do not represent hazards in transportation. Galvanic
and other electrolytic processes such as rusting are important reactions,

but proceed at a pace so slow as to not constitute a hazard within the:

lifetime of an active accident scene. Ferric chloride solutions (among
the list of 100) have this potentia], but the property may be neglected at
an accident scene. They are considerations in container selection.

The DOT Regulations presently define oxidizers in terms of
combustion brocesses. The revised definition should be cast in terms of
electron transfer reactions and, to exclude slow processes, should also be
cast in terms of combustion and phenomenologically similar processes.

2. Corrosive Materials

v The DOT Regulations define corrosive materials in terms of their
effects on steel and on human skin. The former is a readily recognized
attribute of corrosive materials, and if the latter can also be regarded
as an attribute of corrosives, it can also be considered to be a non-
lethal toxic effect. A more appealing and useful definition would be to
define the behavior of corrosives in terms of their behavior toward steel
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and aluminum as discussed in Chapter 1IV. For aqueous solutions an

alternative criterion to the National Association of Corrosion Engineers
corrosion test is a test of the acidity or alkalinity of the solution.
This corresponds to the 1aboratory measurement of pH, a routine procedure
performed in five minutes by any laboratory dealing with such materials.
Corrosive materials would be those whose pH lies outside the range 2.0 to
12.0. ' ‘ |
3. Poisonous Materials

The DOT Regulations attempt to define poisons in terms of

1éthality and hazard (mobility). While the qualitative descriptions for

poison A and poison B, together with those for irritating and ORM-A

materials, provide a more or less satisfying continuum of dangers, the
extreme subjectivity of the descriptions make them virtually impossible to
implement for new materials.

The quantitative lethal criteria associated with poison B-
(hazardous to health) materials are so low as to be unreasonable standards

for all but the most deadly of poison A (dangerous to life) materials
Thus these quantitative standards should be revised. - Hazardous-to-health
materials should be less toxic than those that are dangerous to life.

The mobility of released poisonous materials, often.expressed in

terms of route of entry into the body, is an extremely important aspect of

toxicity assessment. The DOT ReguTations attempt to incorporate~ this
consideration by requiring class A poisons to include only poisonous gases
and vapors of volatile 1iquids, and relegating liquids and solids to the
poisdn B class. This does not adequately address the problem.

Last1y, the DOT Regulations strong]y imply, but fail to

explicitly require that only toxic materials acting via a systemic
mechanism are regarded as poisons, and that those materials acting via
corrosive mechanisms are not poisons. This should be .changed for two
reasons. First, the rules should be more explicit, one way or the other,
to remove the ambiguity and make the implementation of the DOT Regulations
less prone to misapplication. Second, if corrosive poisons are excluded,
the DOT Regulations fail to properly identify toxic materials that have
the same kinds of mobilities and routes of entry as systemic poisons. Far
more important, the outcomes of inhalation, oral -<ingestion, or skin
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absorption of corrosi?e poisons are the same as systemic poisons,
incapacitation and death. As a practical matter, dealing with corrosive
“poisons entails the same considerations as systemic poisons, and failure
to properly identify potential 1lethal materials can only increase the
dangers of hazardous materials spills. v' ‘

Addressing these shortfalls in a practical, understandable
manner might produce the recommended standards for poisons shown in Table
v-1: - _

TABLE V-1, RECOMMENDED TOXICITY STANDARDS
] Inhalation toxicity criterion has two parts |
- LC50 less than 5000 ppm, and
- for volatile 1liquids, LDgg less than 10 times saturated
vapor pressure
. Oral toxicity LDgg less than 500 mg/kg
] Skin toxicity LDgg less than 1000 mg/kg
° Etiological agents
Consideration might be given to LCgq values for the inhalation toxicity of
dusts and mists, and to differentiation of LDgg values for oral toxicity
of liquids and solids. _

By implementing different requirements for different routes of
entry, issues pertaining to different 1levels of danger arising from
different forms and their mobilities become self-resolving. Inhalable
airborne dust and mist standards should mirror the tendency toward
sedimentation as a mobility-limiting factor; the respirable fraction of
dusts and mists is another issue to be considered. Casting the inhalation
toxicity in terms of ppm (parts per million) brings the DOT Regulations
into a]ignmént with traditional methods for reporting inhalation toxicity
observations; it is equivalent to the present norm -- mg/liter.

By making the criteria so large, the definition of poison will
hopefu]]y identify and more carefully regulate a number of materials and
situations where incapacitation rather .than fatality is the outcome. For
airborne risks, it is hoped that standards such as these will decrease the
“hazards toward any civilian population that might be downwind from an
accident scene. Deletion of consideration of systemic versus corrosive
mechanisms is directed toward the same results.
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4, Consolidation of Hazard Classes

A number of hazard classes and subclasses produce complexity in
the DOT Regulations without concomitant benefits. It is recommended that
most of these be consolidated and the remainder discarded. Combustible
1iquids and flammable solids should be grouped with flammable Tiquids into
a superclass. Also, the ORM subclasses should be realigned into three
subclasses as follows. - A new name must be developed for this class to
prevent confusion. |

' a. New ORM-A Materials o
This proposed subclass of materials includes materials

presenting an unacceptable danger to, or effect upon humans, the
environment, or transportatibn equipment. Included are irritating
materials and ORM subclasses A-C. ’
b. New ORM-B Materials .
This new ORM subclass includes all materials subject to the
USEPA hazardous waste manifest system (40 CFR 262) and not described by an
non-ORM hazard class. The purposes served here are to clarify the status

of hazardous waste; isolation from other criteria should further reduce
ambiguity and 1improve maintenance of the DOT Regulations. There are
associated hazard recognition recommendations below.
c. New ORM-C Materials _
The proposed new class consists of those materials’

unsuitable for transportation unless subject to régu]étion, and not
described by any other hazard class. Materials are assigned to this class

‘ by USDOT and not by shippers or carriers. It is expected that

consideratiop of generally -- and specifically -- authorized container

requirements will be given these materials. Exempted consuﬁer goods

(ORM-D) fall into this class.
5. New Hazard Class )
' It is proposed that the hazards of pyrophoric (spontaneously

igniting) materials be formally recognized. as a serious hazard. The

technical analyses of Chapter IV have revealed the dominating role that

fire can play at an accident'scehe, and prevention of fires shou]d have a

significant positive effect on accident spill containment and cleanup. An

indication of the presence of .such self-igniting materials should be
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promptly available. A unique placard or other on-container identifier as
well as a reference in the shipping paper is appropriate. '
6. Proper Shipping Names

The selection of the most appropriate proper shipping name from
the Table is not always an easy task. To improve this process significant
changes in the DOT Regulations would be required to assure that the proper
shipping name selected is the'most’appropriate, most fully-descriptive one
available for the commodity. It is recommended that the Table be split
into four parts: |

0 Explosives - because of their distinctive regulatory treatment

° Other fully specified materials )

) Commodity class generic materials (e.g. Alcohol, N.0.S. and

~ Industrial Cleaning Solvent, N.0.S.)

) Hazard class generic materials (e.g., Flammable-Liquid, N.0.S)
The " DOT Regulations should clearly -state that the shipper must examine.
each of the first three of these tables -in turn until an appropriate

-~ proper shipping name is found that describes the commodity.

If no entry is found in any of the first three tables, then the
shipper should be required, on the basis of knowledge and testing of the
material, to select a name appropriate to the material from the fourth
table, using the hazard hierarchy (discussed below) to guide selection of
the most appropriate name.

If the shipper selects a name from the fourth table, and if
either a high annual shipping rate is anticipated or if a large quantity
is shipped in one container, the shipper should be required to notify

- USDOT. In turn, USDOT should monitor these reports and obtain additiona]l
information from the shipper. This permits extension and refinement of
one of the other three tables to keep the material identification
procedures up to date. Alternative proposals, such as monthly, quarterly,
or annual reporting may prove to be a more satisfactory process. The
objective is to give the Office of Hazardous Materials Transportation a
formal, timely means for Tlearning about new hazardous materials being
offered for rail transportation.
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B. HAZARD CLASSIFICATION ISSUES

The hazard profiles developed in Chapter IV clearly indicate a
multiplicity of hazards associated with all nongeneric materials
investigated, even though the profile hazard categories did not correspond
to regulatory hazard classes. This indicates that the critical aspect of
the hazard classification scheme is the hierarchy of hazards and not the
individual hazards themselves. Well-drawn hazard definitions, however,
give robustness to the classification process, whi]é poorly drafted
definitions can only degrade the classification process. In this Tlight,
the hierarchy of hazards must be the centerpiece of the classification
system. .

It 1is not entirely ciear from the regulations themselves that a
hierarchical' scheme is required for the domestic regulation of rail

_ transportation of hazardous ‘materials. If there are external forcess

demanding such a scheme, the outcomes of the technical analysis point
toward ah improved hierarchy. These same results also suggest that non-
hierarchical approaches would better protect'the public. An alternative
hierarchy 1is presented below, followed by a non-hierarchical regulatory
scheme;

The driving considerations in prescribing a possible alternate.
hierarchy of hazards, as in Table V-2, are the nature of the.
classification hazard and the magnitude of potential hazards in an
accident. Radioacfive- materials stand at the top because they can be
recognized only by external information (marking, placarding, and shipping
papers) or special instruments. The manifestation of the hazard is so
undetectable as to warrant the highest position. That the effects of
exposure to most forms of radioactive materials are delayed increases the
hazard and reinforces the placement atop the 1list. | _

The devastating effects of an explosion, including container movement
and rupture, as well as general spreading of the hazards, is the basis for
explosives in the second position. The presence of compressed gases in
the next hierarchical position also derives largely from the explosion
hazard as revealed 1in the hazard profiles and accident experience of
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TABLE V-2. ALTERNATE PREFERENCE TABLE CLASSES AND SUBCLASSES

Radioactive Materials

Explosives

A.- Equivalent to current Explosives A

B. Equivalent to current Explosives B

C. Equivalent to current Explosives C

D. Equivalent to current Blasting Agents

Compressed Gases

A. Gases that meet the proposed inhalation toxicity criteria
B. Equivalent to current Flammable Gases

C. Equivalent to current Non-Flammable Gases

Flammable Materials

A. Pyrophoric Materials _

B. Equivalent to current Flammable Liquids

C. Equivalent to current Combustible Liquids

D. Equivalent to current Flammable Solids

Poisonous Materials

A. Liquids meeting any of the proposed toxiéity criteria
B. Solids meeting any of the proposed toxicity criteria
C. Etiological Agents

Oxidizers and Peroxides

Corrosive Materials

Other Regulated Materials

A. Dangerous, ifritating, and noxious materials as described
B. Hazardous Waste

C. Materials unfit for transportation unless regulated
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Chapter IV. Within the gases, the poisonous ones are first, reflecting
the importance asso;iated with the toxic properties of this very mobile
class of materials. '

The nongaseous ignitable materials have been consolidated into the
Flammable Materials class with four subclasses. Pyrophoric materials are
regarded as the most dangerous of these because of the high degree of
certainty of their ignition. Positions of the other subclasses is
determined by the mobility and flashpoints of the materials. Their
collective position before the poisonous Tiquids and solids is based on
mobility and degree-of-hazard judgements.

Oxidizing materials, corrosive materials, and ORM's close out the
list in that order. The sequence of ORM subclasses is not regarded as
significant as, for example, the compressed gases.

Table V-3 shows that the consequences of the possible alternative _

hierarchical classification scheme involves the reclassification of: less-

than 10 percent of the 100 hazardous materials. Table V-3 Tists the 100
hazardous materials, grouped into their currently assigned hazard classes;
part of the current-hazard-class heading is a symbolic indication of the
best match to the alternative scheme 1in Table V-2. In making the
assessments in Table V-3 ‘the criteria for volatile 1liquids presently
classified as compressed gases have been changed as follows. Materials
with an in-container pressure greater than 40 psi at 700F are currently
classified as compressed gases; simple calculations suggest that these
materials have boiling points of about 300F or less. For the assessment
in Table V-3, materials with a boiling point of 800F or less were
considered volatile liquids and treated as compressed gases. Toxicity
criteria used were the recommended values in Table V-1 rather than those
currently in the DOT Regulations.

Most of the half dozen or so changed classifications represent
recognition of poisonous characteristics; there might have been a few more
changes with better Commodity Sheet data and a more thorough analysis.
Detailed vapor pressure data, for example, were not consulted
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© TABLE V-3. COMPARISON OF ALTERNATIVES TO CURRENT HIERARCHICAL CLASSIFICATION SCHEME

Possible Currently

Alternative Required Hazard
Commodityl HierarchyZ,3 Labels?  Designators®

Flammable Liquids - 4B

Acetaldehyde 4B FL CEITL2
Acetone 3A* FL EITL2
Acrolein, Inhibited 4B FL,P CEITL23
Acrylonitrile 3A* FL,P CEITL23
Benzene 4B FL ITL
2-Butanol 4B FL EIL2
Carbon Bisulfide or Carbon Disulfide 4B FL EITL23
Chloroprene, Inhibited 3A* FL EITL23
Cyclohexane 4B FL EITL2
Denatured Alcohol 4B FL ITL
Epichlorohydrin 4B - FL EITL23
Ethylene Oxide 4B FL CEIL
Ethyl Alcohol, Anhydrous, Denatured 4B FL ITL
Ethyl Acetate : 4B FL EITL2
Ethyl Acrylate, Inhibited 4B FL EITL23
Ethyl Benzene 4B - FL ITL
Ethyl Chloride 4B ' FL EITL23
Fuel, Aviation, Turbine Engine - 4B FL ITL
Gasoline, Blended 4B FL ITL3
Gasoline, Casing Head 4B FL ITL
Hexane 4B FL EITL2
Isopropanol 4B FL ITL
Methanol ' 4B FL EITL2
Methanol, Contaminated 4B FL EITL2
Methyl Ethyl Ketone 4B FL EITL2
Methyl Isocynate 4B FL,P CEITL23
Methyl Methacrylate Monomer, Inhibited 4B _ FL EIT2
Naphtha 4B o FL EITL2
Petroleum Naphtha 4B FL EITL2
Petroleum, Partially Refined 4B FL EITL2
Propylene Oxide 4B : FL EITL2
Rosin Solution 4B v FL ITL
Styrene Monomer, Inhibited 4B FL EITL2
Toluene - 4B FL ITL3
Vinyl Acetate 4B FL _ EITL2
Xylene 4B FL EITL3
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